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The Directors 
Hurricane Energy plc 
The Wharf 
Abbey Mill Business Park 
Lower Eashing 
Godalming 
Surrey 
GU7 2QN 
 
Attn: Robert Trice – CEO 
 
 2

nd
 May 2017 

Gentlemen, 
 

EVALUATION OF HURRICANE ENERGY PLC’S LANCASTER FIELD WITHIN LICENCE P.1368 

 
In response to an initial contact from Hurricane Energy Plc (“Hurricane”, or "Company") on 
15

th
 September 2016 and subsequent Letter of Engagement (“LoE”), dated 3

rd
 October 2016, with 

Hurricane (the “Agreement”), RPS Energy Consultants Limited (“RPS”) has completed an 
independent evaluation of liquid hydrocarbons in the Lancaster field in Frontier Licence P.1368 in 
which Hurricane has a 100% interest.  

This report is issued by RPS under the appointment by Hurricane Energy Plc and is produced as part 
of the Services detailed therein and subject to the terms and conditions of the Agreement. 

This report is addressed to the Company as defined in the Agreement .  The report is only capable of 
being relied on by the Company and any third parties under and pursuant to (and subject to the terms 
of) the Agreement. 

The report has been compiled in accordance with the guidelines on the scope and content of a 
Competent Person's Report (“CPR”) as set out in the AIM Note for Mining and Oil & Gas Companies. 

RPS previously reviewed the Lancaster field as part of the CPR we prepared for Hurricane, dated 
18

th
 November 2011, and in updates to this dated 18

th
 April 2013 and 19

th
 November 2013 

respectively.  This current report is based on data and information available up to 1
st
 April 2017.  The 

effective date for the evaluation is 1
st
 January 2017.  RPS understands that there have been no 

material changes since this date. 

The Services have been performed by an RPS team of professional petroleum engineers, 
geoscientists and economists and is based on the Operator’s data, supplied through Hurricane.  All 
Reserves and Resources definitions and estimates shown in this report are based on the 
2007 SPE/AAPG/WPC/SPEE Petroleum Resource Management System (“PRMS”).  

Our approach has been to review the Operator’s technical interpretation of their base case 
geoscience and engineering data for the field for reasonableness and to review the ranges of 
uncertainty for each parameter around this base case in order to estimate a range of petroleum 
initially in place and recoverable.   

Table 1 is a summary of the resources evaluated by RPS for the Lancaster field within Licence 
P.1368. 
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 Initially In-Place Volumes
1
 Reserves

2, 3
 Contingent Resources

4,5
 

Gross (100% basis) and Net 
Attributable

6
 

Gross (100% basis) and Net 
Attributable Resources

6
 

Gross (100% basis) and Net 
Attributable Resources

6
 

Low Best High 1P 2P 3P 1C 2C 3C 

Oil (MMstb) 1,571 2,326 3,333 28.1 37.3 49.3 129.1 486.1 1,116.7 

Notes 
1
 In Place Volumes quoted on an on block basis.  Quoted values are totals of probabilistic volumes for Rona, Victory and 

Basement reservoirs 

2
 Reserves based on six year Early Production System duration.   

3
 In the event of Hurricane extending the EPS duration from six to ten years, additional P90, P50, P10 volumes of 16.4, 24.8 

and 39.4 MMstb respectively would be produced in these additional four years which would then qualify as Reserves.  This 
assumes that operations continue without interruption with the FPSO remaining on station for this duration.  In this scenario, 
1C, 2C, 3C quoted above would drop by 16.4, 24.8 and 39.4 MMstb respectively. 

4
 In the CPR dated 18th April 2013, Contingent Resources for Lancaster were classified as ‘Development Pending’.  With the 

Early Production System assessing full field development potential, RPS now classify Lancaster Contingent Resources as 
‘Development Unclarified or On Hold’.  

5 
Contingent Resources associated with potential full field development based on analogue recovery factors (see Table 7.14 in 

report). 

6
 Hurricane’s working interest in Licences P.1368 is 100% and therefore Gross (100% basis) and Net Attributable volumes are 

the same. 

Table 1 – Summary of Discovered In-Place Volumes, Reserves and Contingent Resources as 
of 1st January 2017 

 

Valuation 

Economic valuation of and resources are linked to a long term price forecast for Brent.  The RPS 
Base Case price used for all valuations presented in this report is given in Table 2. 

Year 
Lancaster Base Case 

(US$/stb, MOD) 

2017 50.50 

2018 56.00 

2019 58.30 

2020 61.60 

2021 65.70 

2022 71.80 

2023 75.20 

2024 78.90 

2025 83.87 

2026 85.63 

2027 87.42 

2028 89.25 

2029 91.12 

2030 93.02 

Table 2 – Lancaster Base Case Oil Price Forecast 
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The cashflow valuations were limited to the earlier of the economic limit and the planned six year 
period of the Early Production System (EPS).  The Reserves cases cease at the end of 
December 2024, assuming first oil in January 2019, and the valuations of these Reserves are given in 
Table 3.  Oil production after this period is considered as Contingent Resources, and has not been 
valued. 

Discount Rate: 

Post Tax Net Present Value 

Net Hurricane Share, (US$ Million, MOD) 
Reserves 

Limit
1
 0.00% 5.00% 7.50% 10.00% 12.50% 15.00% 

1P  605 416 342 279 224 177 2024 

2P  1,006 728 619 525 444 374 2024 

3P  1,492 1,093 937 803 689 589 2024 

1
 Limited to the Lancaster EPS draft FDP of six years, and the expiry of the first option period of the FPSO 

charter at 31 December 2024. 

Table 3 – Summary of NPVs of Reserves at RPS Base Price 

QUALIFICATIONS 

RPS is an independent consultancy specialising in petroleum reservoir evaluation and economic 
analysis.  RPS is independent of Hurricane Energy plc and is remunerated by way of a fee that is not 
linked to the value of Hurricane Energy Plc.  Mr Ian Linnett, Head of Equity supervised the evaluation 
and Mr Gordon Taylor, Director, for RPS Energy, has reviewed the results of the evaluation and 
approved the report.  Mr Taylor has over 30 years’ experience in upstream oil and gas and is a 
Chartered Engineer and Chartered Geologist. 

Other RPS employees involved in this work hold at least a Master’s degree in geology, geophysics, 
petroleum engineering or a related subject or have at least five years of relevant experience in the 
practice of geology, geophysics or petroleum engineering.  

 

BASIS OF OPINION 

The results presented herein reflect our informed judgement based on accepted standards of 
professional investigation, but is subject to generally recognised uncertainties associated with the 
interpretation of geological, geophysical and engineering data.  The Services have been conducted 
within our understanding of petroleum legislation, taxation and other regulations that currently apply to 
these interests.  However, RPS is not in a position to attest to the property title, financial interest 
relationships or encumbrances related to the properties.  

Our estimates of resources and value are based on the data set available to, and provided by 
Hurricane.  We have accepted, without independent verification, the accuracy and completeness of 
these data.  

As the fields are yet to be developed and there are no facilities in place on the blocks to date, a site 
visit was not deemed necessary. 

The report represents RPS’ best professional judgement and should not be considered a guarantee 
or prediction of results.  It should be understood that any evaluation, particularly one involving 
exploration and future petroleum developments, may be subject to significant variations over short 
periods of time as new information becomes available.  As stated in the Agreement, RPS cannot and 
does not guarantee the accuracy or correctness of any interpretation made by it of any of the data, 
documentation and information provided by the Company or others in accordance with the 
Agreement.  RPS does not warrant or guarantee, through the Services, this report or otherwise, any 
geological or commercial outcome. 

In preparing the report RPS has used reasonable skill and reasonable care to be expected of a 
consultant carrying out services of the type set out in the Letter of Engagement. 



RPS Energy  Hurricane Energy CPR 

ECV2210  May 2017 

RPS is responsible for this report and declares that it has taken all reasonable care to ensure that the 
information contained in the CPR is, to the best of its knowledge, in accordance with the facts and 
contains no omission likely to affect its import. 

RPS hereby consents to the publication and use of: (i) the CPR; and (ii) its name, by Hurricane, in 
both electronic and paper form, including the Hurricane website, in the form and context in which it 
appears.  As at the date of this letter, RPS has not withdrawn this consent. 

This report relates specifically and solely to the subject assets and is conditional upon various 
assumptions that are described herein.  The report, of which this letter forms part, must therefore be 
read in its entirety.  This report may only be used in accordance with purpose stated in the 
Agreement, except with permission from RPS.  The report must not be reproduced or redistributed, in 
whole or in part, to any other person than the addressees or published, in whole or in part, for any 
other purpose without the express written consent of RPS.  The reproduction or publication of any 
excerpts is not permitted without the express written permission of RPS.  

 

Yours faithfully, 

RPS Energy Consultants Limited 

 

 

 

 
Gordon Taylor 

Director, Consulting 
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This report relates specifically and solely to the subject assets and is conditional upon various 
assumptions that are described herein.  This report must, therefore, be read in its entirety. 

Our estimates of potential reserves, resources, unrisked and risked values are based on data provided 
by the Company.  We have accepted, without independent verification, the accuracy and 
completeness of these data. 

All interpretations and conclusions presented herein are opinions based on inferences from 
geological, geophysical, engineering or other data.  The report represents RPS Energy Consultants 
Ltd’s best professional judgement and should not be considered a guarantee of results.  Our liability 
is limited solely to Hurricane Energy plc as covered in the Letter of Engagement between Hurricane 
Energy plc and RPS Energy Consultants Ltd. 
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DISCLAIMER 

The opinions and interpretations presented in this report represent our best technical interpretation of the 
data made available to us.  However, due to the uncertainty inherent in the estimation of all sub-surface 
parameters, we cannot and do not guarantee the accuracy or correctness of any interpretation and we 
shall not, except in the case of gross or wilful negligence on our part, be liable or responsible for any loss, 
cost damages or expenses incurred or sustained by anyone resulting from any interpretation made by 
any of our officers, agents or employees. 

Except for the provision of professional services on a fee basis, RPS Energy Consultants Ltd does not 
have a commercial arrangement with any other person or company involved in the interests that are the 
subject of this report. 

 

 

 
 

COPYRIGHT 
© RPS Energy Consultants Ltd 

The material presented in this report is confidential.  This report has been prepared for the exclusive use of 
Hurricane Energy plc and shall not be distributed or made available to any other company or person without the 
knowledge and written consent of Hurricane Energy plc or RPS Energy Consultants Ltd. 
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1. EXECUTIVE SUMMARY 

Hurricane Energy plc (“Hurricane”) engaged RPS Energy Consultants Limited (“RPS”) to prepare an 
updated Competent Person’s Report (“CPR”) specifically for their Lancaster field.   

The Lancaster field is located approximately 100 km west and 105 km north of the closest Shetland 
and Orkney Islands respectively, and 170 km north of the Scottish mainland.  For this CPR, the field 
area which straddles Blocks 205/21a, 205/22a and 205/26b within Licence P.1368 in which Hurricane 
has a 100% interest, is considered.  Whilst not within the scope of this CPR, the Basement reservoir 
clearly extends east into licence P2308, Block 205/22b, also owned 100% by Hurricane.   

The Lancaster field has previously been reviewed by RPS in a CPR for Hurricane dated 
18th November 2011 and in subsequent updates to this dated 18

th
 April 2013 and 19

th
 November 

2013 respectively.  Since the November 2013 update, Hurricane has drilled and collected data from 
four wells and a side-track – wells 205/21a6, 205/21a-7 and side-track 205/21a7Z in the Lancaster 
structure in Block 205/21a; well 205/26b-A in the Lincoln structure in Block 205/21a and most 
recently, well 205/23-3A in the Halifax structure in Block 205/23.   Hurricane is well advanced in 
planning a two-well Early Production System (“EPS”).  The EPS will commence development of 
Lancaster in a phased manner, providing long term production data to properly understand reservoir 
productivity and connectivity.  Such understanding will be key in designing an effective future full-field 
development.  

Lancaster is an oil field, draft Oil & Gas Authority (OGA) designation number 572, with its main 

reservoir being hosted in highly fractured Basement rock that owes its hydrocarbon storage capacity 
and productivity to the presence of permeable fractures.  Lancaster also has accumulations of oil 
within two clastic sandstones – Early Cretaceous Victory and Late Jurassic Rona Sandstones – which 
overlay the fractured basement.  The main fractured Basement reservoir is of Precambrian age and 
occurs at a depth of approximately 1,000 m at its shallowest point.  In addition, there are two smaller 
clastic reservoirs overlaying the Basement: the Victory Sandstone, encountered in five wells, located 
in a small pinch-out trap over the northwest of the main Basement structure, and the Rona Sandstone 
encountered on the west side of the structure penetrated by 205/21-1 and 205/21a-6.   

Lancaster has now been penetrated by six wells.  The field was first encountered by exploration well 
205-21-1A, drilled in 1974, which returned small volumes of oil to surface on test, but was not 
considered any further at the time.  Well 205/21a-4 was drilled in 2009 by Hurricane with the specific 
objective of testing the Basement reservoir.  Following the encouraging data collected by this well, the 
205/21a-4Z sidetrack was drilled.  In 2014 the 205/21a-6 well was completed with a one kilometre 
horizontal section, and was suspended for future use as a producer.  In 2016 well 205/21a-7 was 
drilled, tested and subsequently sidetracked to form 205/21a-7Z, the second one kilometre horizontal 
producer for the EPS.   

RPS evaluated Hurricane's seismic interpretation, and log analysis and found both to be generally 
satisfactory.  RPS reviewed Hurricane’s subdivision of the Basement reservoir into seismically 
identified Fault Zones (FZ) and background Fractured Basement (FB).  The former exhibits greater 
fracture porosity and permeability than the latter although both are heavily fractured.  In general the 
subdivision is valid although, as would be expected, it is not always a clear cut distinction. 

A probabilistic approach was adopted to generate a range of in place volumes for the STOIIP in the 
Basement, Victory and Rona reservoirs.   

Reserves estimates for the EPS were based on a material balance model using the range of RPS 
STOIIPs.  The base case, P50, assumes a gross oil production rate of 20,000 stb/d from two wells 
based on the horizontal well test results.  Due to the limits of material balance modelling, not being 
dual porosity/permeability, the full impact of the fracture network on field behaviour could not be 
captured. To represent a downside case, RPS considered a scenario in which production rates are 
reduced by 30% after an initial period of operating normally. This could be due to the complete or 
partial loss of production from a well or some other undefined reduction in production rate from both. 

Consistent with Hurricane’s phased approach, no full field development plan has been specified by 
Hurricane at this time, so RPS has estimated the field Estimated Ultimate Recovery (EUR) using 
analogue recovery factors.  The difference between the recovered volumes from the six year EPS and 
estimated EUR represent the field Contingent Resources. 
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Table 1.1 is a summary of the resources evaluated by RPS for the Lancaster field within Licence 
P.1368. 

 Initially In-Place 
Volumes

1
 

Reserves
2, 3

 Contingent Resources
4,5

 

Gross (100% basis) and 
Net Attributable

6
 

Gross (100% basis) and Net 
Attributable Resources

6
 

Gross (100% basis) and Net Attributable 
Resources

6
 

Low Best High 1P 2P 3P 1C 2C 3C 

Oil 
(MMstb) 

1,571 2,326 3,333 28.1 37.3 49.3 129.1 486.1 1,116.7 

Notes 
1
 In Place Volumes quoted on an on block basis.  Quoted values are totals of probabilistic volumes for Rona, Victory and 

Basement reservoirs 

2
 Reserves based on six year Early Production System duration.   

3
 In the event of Hurricane extending the EPS duration from six to ten years, additional P90, P50, P10 volumes of 16.4, 24.8 

and 39.4 MMstb respectively would be produced in these additional four years which would then qualify as Reserves.  This 
assumes that operations continue without interruption with the FPSO remaining on station for this duration.  In this scenario, 
1C, 2C, 3C quoted above would drop by 16.4, 24.8 and 39.4 MMstb respectively. 

4
 In the CPR dated 18th April 2013, Contingent Resources for Lancaster were classified as ‘Development Pending’.  With the 

Early Production System assessing full field development potential, RPS now classify Lancaster Contingent Resources as 
‘Development Unclarified or On Hold’.  

5
Contingent Resources associated with potential full field development based on analogue recovery factors (see table 7.14). 

6
 Hurricane’s working interest in Licences P.1368 is 100% and therefore Gross (100% basis) and Net Attributable volumes are 

the same. 

Table 1.1 – Summary of Discovered In-Place Volumes, Reserves and Contingent Resources as 
of 1st January 2017 

 

Whilst the Lancaster field extends to the east beyond licence P.1368, for the purposes of this report 
we have only considered the portion of the field lying in P.1368. 

The first phase of the Lancaster development is defined by Hurricane as an Early Production System 
(EPS), the purpose of which is to obtain early, commercially-sustainable production from the 
Lancaster Field ahead of a full field development, while at the same time providing crucial information 
about reservoir behaviour.  Early production data will allow Hurricane to refine estimates of maximum 
production potential and future recoverable volumes for the Lancaster Field.  It will also result in 
improved well placement during full field development once fluid contact movement and well 
interference are better understood.  This will enable Hurricane to optimise ultimate oil recovery from 
the field.  

The objectives of the EPS field development are to:  

 Provide long term production data to confirm the productivity and extent of the Lancaster 
reservoir to enable full field development planning and sanction;  

 Commence development of the resources of the field in a phased manner appropriate to the 
subsurface uncertainty range and resultant development risks;  

 Deliver an acceptable return on capital invested.  

The EPS is planned for a period of up to 6 years.  The initial development consists of the two existing 
wells, 205/21a-6 and 205/21a-7Z, completed and tied back to the turret moored Aoka Mizu FPSO via 
individual flowlines enabling topsides metering of the individual wells, and interference testing.  Dual 
pod electrical submersible pumps (ESPs) will be used in each well to provide artificial lift as well as 
providing additional well data.  

The design of the Lancaster Full Field Development will depend on the results of the EPS, and will be 
subject to a separate Field Development Plan (FDP).  Hurricane has two contract options to retain the 
Aoka Mizu for up to 10 years. 

The development cases and associated costs provided by Hurricane were reviewed by RPS and were 
found to be reasonable.   
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A significant amount of work has been carried out, and RPS believes that Hurricane has an 
acceptable control of the costs. 

The costs, both OPEX and CAPEX, for the development of the Lancaster EPS were input into the 
RPS economic model together with the RPS production forecasts for the 1P, 2P and 3P Reserves.  
The resulting valuations of the Lancaster Reserves at the RPS Base oil price are given in Table 1.2 
below, over a range of discount rates.  The results are quoted to the end of the first option period of 
the FPSO charter, which coincides with the planned six year EPS. 

Discount Rate: 

Post Tax Net Present Value 

Net Hurricane Share, (US$ Million, MOD) 
Reserves  

Limit
1
 0.00% 5.00% 7.50% 10.00% 12.50% 15.00% 

1P  605 416 342 279 224 177 2024 

2P  1,006 728 619 525 444 374 2024 

3P  1,492 1,093 937 803 689 589 2024 

1 
  Limited to the Lancaster EPS draft FDP of six years, and the expiry of the first option period of the FPSO 

charter at 31 December 2024. 

Table 1.2 – Summary of NPVs of Reserves at RPS Base Price 
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2. INTRODUCTION 

2.1 Overview 

RPS has completed an independent evaluation of Reserves and Contingent Resources for the 
Lancaster field within Licence P.1368. 

An economic valuation of the Reserves associated with the Lancaster Early Production System has 
been completed for this report. 

A full glossary of terms and abbreviations is given in Appendix B. 

2.2 An Overview of Hurricane’s Exploration and Development Strategy 

Hurricane believes that the UK continental shelf offers a potential analogue to Vietnam and Yemen as 
it too contains a proven petroleum system which is associated with serendipitous Basement oil 
discoveries.  Recognising this as a generally ignored niche opportunity, Hurricane initiated a work 
programme to establish the materiality of the UK Basement hydrocarbon resource potential.  
Hurricane focused on the West of Shetlands where previous drilling provided positive evidence of oil 
in the Basement below more conventional targets at the time of drilling.  The availability of 3D seismic 
data has enabled high quality mapping and led to the identification of several relatively low exploration 
risk Basement prospects which might also have material upside potential outside of conventional 
closure within what is modelled to be a pervasive fracture network deep into the Basement.  

To date, having identified and acquired licences in the 23
rd

, 24
th
, 26

th
 and 28

th
 UKCS licensing rounds, 

and acquired the Halifax licence (P2308) in an out-of-round award in 2016, Hurricane has now drilled 
eight Basement wells each of which have encountered hydrocarbon (to lesser or greater extent) 
within the Basement.  Of the eight wells, five have been drilled into the Lancaster discovery.  

After the successful discovery wells 205/21a-4 and the sidetrack 205/21a-4Z, drilled in 2011, 
Hurricane planned a horizontal well in the Basement with the intention of suspending the well to be 
used as a future production well.  This well, 205/21a-6, was dully drilled successfully in 2014 with a 
horizontal section of approximately 1,000 m.  A flow test was carried out, achieving a sustainable 
natural flow rate of 5,300 stb/d and a flow rate using artificial lift (using an electrical submersible 
pump) of 9,800 stb/d.  The well was suspended as planned.  In 2016, a further appraisal programme 
was undertaken with two wells drilled.  The first, 205/21a-7 a low deviation appraisal well to test the 
deeper oil potential and define an oil water contact (OWC).  The second was a side-track of the 
205/21a-7 well, a sub-horizontal producer, 205/21a-7Z which showed a maximum stable rate of 
15,375 stb/d in testing.  This well was suspended as planned. 

The two suspended wells, 205/21a-6 and 205/21a-7Z, will be the producers for Hurricane’s planned 
Early Production System. 
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3. OVERVIEW 

3.1 Offshore Licences 

Figure 3.1 shows the regional location of Hurricane’s licences, whilst Figure 3.2 indicates the part of 
the Lancaster field contained in licence P.1368 (Central). The Resources, Reserves and development 
plans contained within this CPR are specifically focused on P1368 Central. 

 

Figure 3.1 – Hurricane’s Offshore Licences
1
 

 

Figure 3.2 – Lancaster P.1368 Footprint 

                                                      
1
 Source: Hurricane Energy plc 
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3.1.1 P.1368 Licence Terms and Commitments 

In November 2015 OGA consented to the sub-division of Hurricane’s Frontier Licence P1368 into 4 
sub-areas, P1368 North, Central, South and Southwest. Licence P.1368 as a whole contains Blocks 
205/21a, 205/22a, 205/26b and 204/30a. 

3.1.1.1 P.1368 (Frontier Licence) 

The licence is currently in its 3
rd

 term, which has been extended to 31
st
 December 2019. 

An initial term of 2 years was agreed with an effective date of 22
nd

 December 2005, during which 
Hurricane purchased the existing 3D seismic survey and acquired 1,520 km of new 2D seismic data. 
Following the initial period, 75% of the total area was relinquished in December 2007 and a 2

nd
 term 

of 4 years was awarded (to 21
st
 December 2011).  During the 2

nd
 term, Hurricane drilled the 

205/21a4 well, fulfilling their commitment to drill one exploration well to a depth of >1,100m or 
preJurassic.  As a result, Hurricane took up the option to enter a 3

rd
 term (6 years) in 

December 2011. 

The 3
rd

 Term
2
, up to December 2017, required Hurricane to relinquish 50% of the remaining area of 

P.1368 as at end of 2
nd

 Term, to engage in general appraisal and development preparation activity 
with a view to declaring a full field development or fully relinquishing the licence by the end of the 
term. 

The 3
rd

 Term was subsequently extended in December 2013 by deed of variation until 31st December 
2019 provided that: 

 A Lincoln well is drilled by 31st December 2019 as condition to retaining non-producing parts 
of the licence.  Hurricane completed this well on schedule. 

 Production commenced from EPS by 31
st
 December 2019 as a condition to retaining 

nonproducing parts of the licence
3
.  

                                                      
2
 N.B. Within the two licence documents the second 6 year period is actually referred to as the “3

rd
 Term” 

3
 Assuming Lancaster sub-area is the subject of an approved FDP for the EPS. 
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4. RESOURCE CLASSIFICATION 

4.1 General 

The evaluation presented in this Competent Persons Report has been conducted within our 
understanding of UK petroleum legislation, taxation and other regulations that currently apply to these 
interests.  RPS is not in a position to attest to the property title, financial interest relationships or 
encumbrances related to the property.  Our estimates of potential resources and risks are based on 
the limited data set available to, and provided by, Hurricane.  We have accepted, without independent 
verification, the accuracy and completeness of these data.  

4.2 PRMS Reserves and Resources Classification 

Volumes and risk factors are presented in accordance with the 2007 SPE/WPC/AAPG/SPEE 
Petroleum Resource Management System.  Appendix C discusses in more detail the PRMS 
classifications appropriate to Hurricane at this time.  

The Lancaster licence contains discovered hydrocarbons which fall within the PRMS classifications of 
either Reserves or Contingent Resources. 

RESERVES are those quantities of petroleum anticipated to be commercially recoverable by 
application of development projects to known accumulations from a given date forward under defined 
conditions.  Reserves must further satisfy four criteria: they must be discovered, recoverable, 
commercial, and remaining (as of the evaluation date) based on the development project(s) applied.  
Reserves are further categorized in accordance with the level of certainty associated with the 
estimates and may be sub-classified based on project maturity and/or characterized by development 
and production status. 

These quantities may be allocated to the following subdivisions based on the funding and operational 
status of wells and associated facilities within the reservoir development plan (detailed definitions and 
guidelines are provided in Appendix C): 

1) Developed Reserves are expected quantities to be recovered from existing wells and facilities 
and may be further subdivided into two categories: 

a. Developed Producing Reserves are expected to be recovered from completion 
intervals that are open and producing at the time of the estimate. 

b. Developed Non-Producing Reserves include shut-in and behind-pipe Reserves. 

2) Undeveloped Reserves are quantities expected to be recovered through future investments. 

 
CONTINGENT RESOURCES are those quantities of petroleum estimated, as of a given date, to be 
potentially recoverable from known accumulations, but the applied project(s) are not yet considered 
mature enough for commercial development due to one or more contingencies.  Contingent 
Resources may include, for example, projects for which there are currently no viable markets, or 
where commercial recovery is dependent on technology under development, or where evaluation of 
the accumulation is insufficient to clearly assess commerciality.  Contingent Resources are further 
categorized in accordance with the level of certainty associated with the estimates and may be 
subclassified based on project maturity and/or characterized by their economic status as follows: 

1) Contingent Resources (Development Pending); 

2) Contingent Resources (Development Unclarified or on Hold); 

3) Contingent Resources (Development not Viable). 

Under the above PRMS definitions of Project Maturity Sub-classes the Company’s Contingent 
Resource volumes are classified as Sub-Commercial.  The PRMS defines a project as 
SubCommercial if the degree of commitment is such that the accumulation is not expected to be 
developed and placed on production within a reasonable time frame.  While 5 years is recommended 
as a benchmark, a longer time frame could be applied where, for example, development of economic 
projects are deferred at the option of the producer for, among other things, market-related reasons, or 
to meet contractual or strategic objectives.  Discovered sub-commercial projects are classified as 
Contingent Resources. 
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PRMS divides projects currently classified as Contingent Resources into two groups, based on 
assumptions regarding future conditions and their impact on ultimate economic viability.  These two 
groups are Marginal Contingent Resources and Sub-Marginal Contingent Resources.  Marginal 
Contingent Resources are known (discovered) accumulations for which a development project has 
been evaluated as economic or reasonably expected to become economic but commitment is 
withheld because of one or more contingencies.  Sub-Marginal Contingent Resources on the other 
hand, are known (discovered) accumulations for which a development project has been evaluated to 
not meet economic criteria, even considering reasonably expected improvements in conditions. 

Economic evaluation of the Company’s contingent resources has not been undertaken as part of the 
CPR.  However, neither this nor the categorisation of such assets as Sub-Commercial under the 
PRMS definitions should be taken as an indication that such resource categories do not have 
economic value.  Accordingly, the categorisation of such assets as Sub-Commercial is a function of 
their stage of development, rather than an indication of the commerciality or economic value of the 
resource volumes identified. 
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5. DATABASE 

5.1 Seismic data 

A Kingdom™ seismic project was provided to RPS for evaluation in 2013.  The project contained the 
full PGS Megamerge 3D seismic volume plus subsets and derivative volumes. 

It is a compilation of several vintages of seismic surveys, and there are some issues of phase 
variation between surveys within the Megamerge, however, this variation is not a problem for the 
purpose of quality controlling current interpretations on the Lancaster field.  The polarity and phase of 
the data is assumed to be zero-phase, with a positive impedance contrast being represented with a 
positive loop on the seismic data.  A full suite of interpreted horizons was included in the Kingdom 
projects, including the reservoir horizons and the key overburden horizons for depth conversion. 

In addition, consultants Equipoise’s depth maps of all the reservoir horizons were provided. 

Hurricane provided updated interpretations in 2016 for Base Tertiary, Kyrre Formation, Victory 
Sandstone, Kimmeridge Clay Formation, Rona Sandstone, Valhall Formation and Top Basement.  An 
alternative deep pick was provided for the latter four horizons to account for the pick uncertainty to the 
southeast of the main field area (see Section 7.2).  With the exception of the alternative deep pick, the 
top Basement horizon pick was largely unchanged from that of 2013.  Updated fault interpretations 
(stick and polygons) were also provided by Hurricane. 

5.2 Well data 

Well data including wireline logs (las files), core analysis, geological reports, etc, were received as 
tabulated below, Table 5.1.   

 Core 
Analysis Geochemistry 

Wireline 
Logs 

Well 
reports 

Composite 
log 

Geological 
reports 

Well 
test 

205/21-1   
images 

only 
    

205/21-1a √ √ √ √  √ √ 

205/21-2   √ √    

205/21a-4  √ √ √ √ √ √ 

205/21a-4z √ √ √ √ √ √ √ 

205/21a-6  √ √ √ √ √ √ 

205/21a-7   √ √ √  √ 

205/21a-7Z   √ √ √  √ 

Table 5.1 – Summary of Lancaster well data 

5.3 Other data 

RPS was also supplied with the Hurricane Petrel™ project for Lancaster, containing a 3D geocellular 
model and basic interpretation data and Hurricane’s current dynamic Intersect™ model in Petrel-RE™ 
format. 

In addition, several reports and PowerPoint™ presentations made by staff and consultants were 
provided by Hurricane.  These included: 

 Equipoise – depth conversion for Lancaster 

 Eriksfiord – analysis of the FMI logs run in 205/21a-4 and 4Z 

 Schlumberger – Several reports on fracture analysis and petrophysics for Lancaster wells 
205/21a-4 and 205/21a-4Z 

 Weatherford – GC Tracer analysis 205/21a-7 

 Hurricane – NMR interpretations for 205/21a-4Z and 205/21a-7 
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A large number of additional reports, including fluid analysis, well test interpretation, PLT logs and 
reports were also supplied. 

In our previous CPR and update, Lancaster was recognised as being the most mature Hurricane 
asset.  Since that report, Hurricane has made significant progress in the design, planning and 
implementation of a two-well Early Production System for the Lancaster field.  Hurricane have 
provided development capital costs estimates based on FEED level engineering work performed by 
Petrofac Facilities Management Limited (wells completion), Bluewater (FPSO) and TechnipFMC 
(SURF/SPS).   

A number of reports and documents created by Hurricane, specifying and supporting the EPS have 
been provided to RPS as part of the review including (but not limited to): 

 Lancaster EPS Basis of Design 

 Lancaster EPS FPSO Functional Specification 

 Lancaster EPS Field Development Plan (Draft - as submitted to OGA) 

 Lancaster Field Early Production System (EPS) Environmental Statement 

 EPS Financial Model 

 Lancaster Development FPSO EPC Contract with Bluewater Energy Services (Draft) 
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6. TECHNICAL EVALUATION 

6.1 Regional Setting 

Hurricane’s offshore licences are located on or close to the Rona Ridge, which is a major NE-SW 
trending Basement feature within the West of Shetland petroleum province, Figure 6.1.  The Foinaven 
and Schiehallion producing fields, located 30 km to the northwest of Lancaster, produce from Upper 
Palaeocene sandstones, and demonstrate a nearby prolific Upper Jurassic oil source rock in the 
Faeroe-Shetland Basin. 

The Clair field lies on the Rona Ridge to the northeast in quadrant 206 and there is evidence from this 
field (in wells 206/7-1 and 206/7a-2) that fractured Basement could potentially produce at commercial 
rates, although it is understood that no production from Clair currently comes from the Basement. 

 

Figure 6.1 – Geological setting of Hurricane’s West of Shetland Interests
4
 

6.2 Fractured Basement Analogues 

The Lancaster field now has significantly more well data available than at the time of our original 
report in 2013.  The new data allows less reliance on analogues when considering the oil in place.  
Nonetheless we still recognise there are analogues to Lancaster which can help in the determination 
of field resources.  Appendix D discusses the nature of fractured reservoirs further. 

The fracture classification for the Lancaster Prospect is Type I (Nelson 2001)
5
 which is defined as 

“fractured reservoirs with little matrix porosity and permeability, and fractures supply the storage 
capacity and fluid-flow pathways”.  Hurricane has carried out a substantial amount of work on fault 
and fracture analysis at Lancaster and other prospects, and has provided data and examples from 
other wells and global analogues of production from fractured Basement reservoirs.  Hurricane has 
developed a niche for plays with fractured Basement, which are under-explored in the UK.  Their 
studies include evaluations of granite and gneiss Basement in wells, outcrops in Scotland and 

                                                      
4
 Source: Hurricane Energy plc 

5
 Nelson, R.A. (2001).  Geologic Analysis of Naturally Fractured Reservoirs. Gulf Publishing Co. Book Division, 2nd Edition. 
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Scandinavia, and a substantial number of analogues where fractured Basement has proved highly 
productive.  Globally, some of the most significant fractured Basement reservoirs include 
Aguila Nafoora (Libya), Bach Ho (Vietnam), Ruby (SE Vietnam), Rang Dong (Vietnam), La Paz 
(South America), Wangzhuang (China), West Puerto Chiquito (USA), and Zeit Bay (Egypt) (also see 
Appendix D).  In the West of Shetland, there are many drilled Basement sections with oil shows and 
there are three known examples (one in the southwest of the Foinaven field and two in Clair field) 
where a significant quantity of hydrocarbons has been produced from fractured Basement. 

RPS has reviewed and considered all available information and data (either in-house or provided by 
Hurricane) from the global analogues of fractured Basement reservoirs to find the three nearest 
analogues to Lancaster field in accordance with the SPE (and SEC) criteria for the selection of 
analogues for Reserves and Resources estimation

6
.  RPS has previously identified Wangzhuang 

(China), West Puerto Chiquito (USA) and Zeit Bay (Egypt) as the closest analogues to Lancaster. 
Hurricane has also identified a number of additional analogues, including Dongschengpu (China), 
Szeghalom (Hungary) and Yaerxia (China). 

                                                      
6
 E. Hodgin, D.R. Harrell , “The Selection Application and Misapplication of Reservoir Analogs for the Estimation of Petroleum 

Reserves”, SPE-102505-MS-P 
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7. LANCASTER FIELD 

Lancaster is located in blocks 205/21a, 205/22a and 205/26b within licence P.1368 which lies on a 
Basement high with four-way dip closure in the Outer Rona Terrace, on the Rona Ridge about 15 km 
to the southeast of the Schiehallion and Foinaven fields. (Figure 6.1 and Figure 7.2)   

The Lancaster field has multiple reservoirs.  The main reservoir is the fractured Basement of 
Precambrian age at a depth of approximately 1,000 m TVDSS at its shallowest point.  In addition, 
there are two smaller clastic reservoirs overlaying the Basement; the Victory Sandstone, encountered 
in 5 wells, is a small pinch-out trap over the northwest of the main Basement structure, and the Rona 
Sandstone encountered on the west side of the structure penetrated by 205/21-1 and 205/21a-6, as 
shown in Figure 7.1.  

 

Figure 7.1 – Schematic of the field showing the relationship of the reservoirs and wells. 

 

Figure 7.2 – Geo-seismic Cross-section showing location and basic hydrocarbon system for 
Lancaster

7
 

                                                      
7
 Source: Hurricane Energy plc 
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7.1 Drilling Summary 

Well 205/21-1a was drilled by Shell in 1974 and penetrated a 349 ft (106.4 m) section of Upper 
Jurassic and Lower Cretaceous on top of Lewisian Basement, beneath a 4000 ft (1220 m) Upper 
Cretaceous and Tertiary section.  Top Basement was encountered at -4357ft TVDSS 
(1328 m TVDSS).  Oil shows were observed in cores taken from fractured Precambrian Basement. 
The well was tested by 3 DSTs. DST 1 was across a 245 ft (75 m) interval of Basement, and the 
overlying tight Rona sand and Valhall Fm limestone.  The test flowed at a maximum rate of 191 bw/d 
with a 2% trace of 31-36° API oil.  Hurricane considered the test to have been impaired because of 
reservoir damage and were convinced that potential remained within fractured Basement reservoir.   

Following analysis of the results of the Shell well, in September 2009 Hurricane drilled an appraisal 
well, 205/21a-4, near the crest of the structure, in an area of dense fracturing, to determine the 
potential of the major seismic faults and fracture networks in the Basement.  The well encountered 
porous media in the Basement, however, the DST was compromised by operational issues and 
severe formation damage caused by the chosen drilling fluid (Drilplex).  In June 2010, the Lancaster 
well was re-entered and sidetracked using a balanced sea water/brine drilling fluid.  The reservoir was 
partially penetrated and a DST (1) performed in this upper section.  The well flowed light oil at rates of 
2200 stb/d with no water production.  Production logging was run to characterise the flow profile.  The 
well was then deepened and a further DST (2) performed on the combined open-hole interval.  
Production rates were 2500 stb/d and 500 bw/d.  Again, production logging was run to characterise 
the flow profile.  An excellent data set was produced from this side track well.  These data were 
reviewed and duly interpreted by RPS which is summarised in Sections 7.5.3 and 7.5.4. 

In April 2014 Hurricane spudded the appraisal well 205/21a-6.  This well was designed to be the first 
horizontal producing well.  The well successfully drilled a 1000 m horizontal section predominantly in 
the Basement.  The well was subsequently tested and flowed at a sustainable natural flow rate of 
5,300 stb/d and a flow rate using artificial lift (electrical submersible pump - ESP) of 9,800 stb/d.  This 
flow rate was constrained by equipment used, not reservoir capability.  Subsequent analysis of the 
well test data by Axis Well Technology interpreted a Productivity Index of 160 stb/d/psi for the well. 
The well was suspended to be used as part of the EPS.   

The inclined well 205/21a-7 was spudded in 2016.  The objective of the well was to investigate the 
depth of the OWC.  Total losses were experienced at the top of the Basement and base Victory and 
losses continued down the hole.  Multiple attempts were made to obtain MDT (Modular Dynamic 
Tester) formation pressures but only a limited number of values were recorded.  The well was tested 
and flowed at 10,930 stb/d using ESP (6,300 stb/d under natural flow), with all the flow coming from 
the large fractures at the top of the Basement with no flow recorded over the rest of the section.  The 
well was sidetracked as the second horizontal producer, 205/21a-7Z.  The well 205/21a-7Z which 
showed a maximum stable flow rate of 15,375 stb/d. with an ESP (6,520 stb/d under natural flow) and 
subsequently suspended as the second producer for the EPS.  Well test interpretation derived a 
productivity index of 147 stb/d/psi, similar to the nearby 205/21a-6 well. 

7.2 Geophysical Interpretation and Mapping 

RPS undertook a considerable amount of independent work in addition to reviewing Hurricane’s 
interpretation and mapping in 2013.  Little change has been made to Hurricane’s interpretation since 
the previous review with the exception of more detailed fault mapping.   

7.2.1 Data Set 

A 3D seismic dataset from the PGS Megamerge covers the discovery.  The survey is extensive, 
covering all of Hurricane’s West of Shetland (WoS) assets.  It is a compilation of several vintages of 
seismic surveys, and we have found that there are issues of phase variation between surveys within 
the Megamerge.  However over Lancaster this variation is not a problem for the purpose of quality 
controlling interpretations.  

The quality of the seismic data also varies, but on the whole, is considered adequate for what is 
required in assessing the existing interpretation.  There are severe issues with imaging the Basement 
reflector away from the Basement highs where on-lapping hard units attenuate seismic energy (see 
Figure 7.3 and Figure 7.4).  This impacts the interpretation on the eastern flank of Lancaster where 
the on-lapping units create ambiguity in the seismic Basement pick. 
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Figure 7.3 – Top Basement Amplitude Extraction (showing ‘brights’ on the highs and ‘dims’ on 
flanks) 

7.2.2 Well Data 

The following well-ties were generated by RPS using Hampson-Russell software during the RPS 2013 
evaluation, some from a previous RPS report

8
: 205/21a-4, 205/21a-4Z, 205/21-1A, 205/21a-5, 

205/26a-5, 205/26a-5Z, 205/26a-4, 205/26a-3, 204/30a-3, 204/22-1, 204/25-1, 204/27a-1, 204/28-1, 
204/28-2, 205/21-2.  RPS has not performed well to seismic ties for the 205/21a-6 and 7 wells but 
following careful review, has accepted those of Hurricane. 

7.2.3 Interpretation and Mapping 

RPS made synthetics and independent well ties for most of the supplied wells to help verify the 
Hurricane interpretation.  Over most of the Lancaster structure the Basement has been interpreted by 
Hurricane as the upper zero crossing of a ‘hard’ loop (the Basement pick).  Apart from where the 
Victory Sandstone is present, the overburden is largely the soft, argillaceous sediments of Cretaceous 
marls making the hard Basement loop easy to pick.  However, both at and down-dip of the 205/21-1A 
well, on-lapping units of Lower Cretaceous limestones complicate the Basement interpretation on the 
eastern flank, making it more diffuse and difficult to pick with confidence (see Figure 7.4). 

                                                      
8
 EVALUATION OF HURRICANE EXPLORATION PLC ASSETS, RPS, May 2008 
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Figure 7.4 – Random Seismic Line through wells 205/21a-4/4Z and 205/21-1A 

The 205/21a-6 horizontal well penetrated the eastern flank.  The toe of the horizontal section 
encountered an approximately 120 m sequence of Rona Sandstone prior to TD.  It is possible that the 
well exited the Basement prior to TD, however this would mean that the Basement in on the eastern 
flank was 100 m deep to prognosis.  An alternative explanation, and that preferred by Hurricane, is 
that the Rona sequence represents the fill of an eroded Basement fault network. 

RPS has reviewed the well trajectory and the seismic interpretation and, given the uncertainty in the 
seismic pick in the east and the length of the Rona section, believes a simpler explanation is that the 
Basement has been picked too high in the area and that the well exited the Basement.  Figure 7.5 
shows the Hurricane preferred (high) Basement pick and the RPS preferred (low) pick.  The RPS pick 
approximates the Hurricane alternative low pick.  Both the RPS and Hurricane well-tie for 205/21-01 
tie the bright high amplitude reflector with the top of the Valhall Formation at this location.  The 
correspondingly deeper top Basement pick is masked by the overlying acoustically hard Valhall.  
However some uncertainty does remain on the well tie due to the vintage of the well and incomplete 
logging suite (no density).  Figure 7.6 shows the approximate area of the RPS deeper Basement pick. 
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Figure 7.5 – Seismic Line from the location of the exit from Basement of 205/21a-6 to  
205/21-01a 

 

Figure 7.6 – Area of RPS Deeper Basement Pick 

Hurricane carried out detailed fault mapping at top Basement.  In addition to manual fault picking, 
Hurricane used automatic fault detection software: Ikon’s FaultX™ and Petrel Ant Tracking.  
Autopicked faults have been further refined by manual checking against the seismic (Figure 7.7).  It 
should be noted, however, that fault patterns are likely to under-represent the actual fault and fracture 
density of the Basement.  Many minor fractures and faults will be undetectable at the seismic 
resolution available.  Equally some features detected by automated tracking may be related to noise 
and seismic artefacts rather than true faulting. 
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Figure 7.7 – Map showing Hurricane Fault Pattern 

7.2.4 Depth Conversion 

The depth conversion methodology employed by Hurricane has remained unchanged since the 2011 
RPS report. It is based on a updated version of a 2007 Equipoise depth converison model of the 
Whirlwind and Lancaster prospects.  

The updated model uses a 4-layer approach as follows: 

• Sea level to sea bed - constant interval velocity of 1480 ms
-1

. 

• Sea bed to Base Tertiary - V0+kZ function using a constant k of 0.5732 and a constant V0 of 
1670 ms

-1
. 

• Base Tertiary to Valhall/Basement - V0+kZ function using a constant k of 0.3867 and a 
constant V0 of 1945 ms

-1
. 

• Valhall to Basement - constant interval velocity of 3834 ms
-1

. 

According to Equipoise, this approach led to relatively small residuals in most wells (see Table 7.1).  
Well 205/21a-5, had a relatively large residual which they attribute to an unexpected variation in 
velocity at the base of the Tertiary between Lancaster and the Whirlwind prospect. 
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Well Seabed Base Tertiary 
Valhall/Victory 

Basement Basement 

204/25-1 8.3 -16.1 12.7 0.0 

205/16-1 -15.3 -38.2 22.3 0.0 

205/21-1a 0.2 8.1 -5.1 -12.8 

205/21-2 3.6 89.5   

205/21a-4 3.5 10.9 3.3 4.4 

205/21a-4Z 3.5 2.8 3.3 -8.7 

205/21a-5 3.5 16.3 -37.7 -26.1 

205/22-1a 5.2 -7.0 6.6 3.3 

205/23-2  -6.2 41.4 0.0 

205/26-1 6.1 62.1  -35.8 

Table 7.1 – Residual Depth Errors (m) at wells after depth conversion
9
 

In 2013 RPS reviewed the depth conversion methodology and parameters used in the Equipoise 
depth conversion. 

The RPS analysis of the well velocity data identified only two overburden horizons with significant 
velocity breaks: the sea bed and a horizon marking the top of the high velocity deep sediments 
defined by either the Hidra/Svarte or the Valhall depending on location.  These horizons were both 
used in the cross validation analysis, however the results suggested that modelling the faster layer did 
not improve the result.  The models with the lowest cross validation error used a two-layer approach, 
gridding apparent well velocities between the sea bed and the Basement with the isochore grid used 
as a trend away from the wells.  

A difference map between RPS’s and Hurricane’s Basement depth maps showed only minor 
differences.  In conclusion, RPS found that the choice of depth conversion methodology (and the 
choice of parameters therein) has only a minor impact on GRV, and consequently STOIIP.  Therefore, 
RPS found the Equipoise methodology to be sound. 

The robustness of the depth conversion in the main field area was highlighted by drilling of the latest 
wells: 205/21a-6 and 7.  They were within 5 m of prognosis of top Basement, thus requiring only minor 
residual correction of the top Basement map at the entry point of these wells to Basement. 

RPS has used the Equipoise Valhall-to-Basement velocity of 3,834 ms
-1

 to adjust the Hurricane 
Basement depth map to the locally deeper RPS pick towards the toe of the 205/21a-6 well.  This 
velocity gives a good depth match between the RPS top Basement pick and the Basement exit point 
in the 205/21a-6 well. 

7.3 Basement Reservoir – Reservoir Properties 

For the Basement reservoir, as discussed above it has been generally accepted that in highly 
fractured rock, the net to gross ratio can be considered as 100%.  This is supported by the Production 
Logging Tool (PLT) in the tested well, 205/21a-4Z and horizontal well 205/1a-6, where essentially the 
whole penetrated Basement section contributed to flow.  While it also true the bulk of the Basement in 
the 205/21a-7 did not flow, this is considered to be due to the two very large fractures at the top of the 
open hole section which contributed 100% of flow, limited by the available surface facilities, as 
demonstrated by the PLT data. 

The key reservoir property that impacts volume estimates is porosity.  Hurricane provided the porosity 
computation in the wells drilled since the RPS CPR update of 19

th
 November 2013.  It has already 

been accepted by RPS that Sw calculations from log data in heavily fractured reservoirs are 
meaningless.  The porosity model utilised for the new wells 205/21a-6, 205/21a-7 and 205/21a-7Z is 
identical to that used previously by Hurricane; which is the Bateman – Konen equation which relies on 
the density/neutron logs.  The lithology encountered was essentially tonalite with occasional dolerite 
zones.  RPS compared the Hurricane results with its own estimates of density/neutron cross-plot 

                                                      
9
 Source: Equipoise Whirlwind post-drill Depth Conversion Report, May 2011.  
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porosity and porosity from the density log using a variable matrix density.  The variable matrix density 
was based on the density-neutron separation.  Hurricane porosity results were close to the RPS 
estimates and deemed to be acceptable.  Also, the values were very close to the porosity values 
computed previously in other Lancaster wells 205/21a-4 and 205/21a-4Z.  Hurricane provided RPS 
with the Fault zone (FZ) and Fractured Basement zone (FB) picks for all the wells.  Using these with 
the Hurricane porosity results, the average porosity in the FZ was 4.8% and 3.2 % in the FB.  

Hurricane is undertaking further studies in relation to porosity computation, including NMR core 
experiments and processing of ECS data acquired in 205/21a-7.  In addition, sidewall core porosity 
values obtained in 205/21a-7 are being finalised but were not available at the time of this report. 

There is no true matrix porosity.  All porosity is the result of severe fracturing rendering the reservoir 
as a Type 1 fracture system (See Section 6.2).  Fractures take the form of discrete, identifiable on 
logs, e.g. image logs and other drilling indicators, e.g. gas spikes, and non-discrete, representing the 
fine pervasive fracturing which cannot be identified by logs or by drilling indicators.  Since the RPS 
CPR update of November 2013 the determination of porosity has been improved by addition of three 
new wells, particularly the horizontal wells.  As discussed above the average reservoir porosities 
calculated from the tool responses result in averages of about 4%.  Hurricane recognises that the 
porosity can be assigned to two reservoir types (Figure 7.8):  

• Fault Zones (FZ) – Fractures associated with damaged rock due to seismic resolvable faulting 
containing both discrete and non-discrete fracturing 

• Fractured Basement (FB) – Host rock between fault zones containing discrete and non-
discrete fractures 

 

Figure 7.8 – Conceptual Basement Reservoir Model
10

 

The porosities assigned by Hurricane to FZ and FB are different, with higher porosities estimated in 
the FZ.  The basis of the relative proportions of FZ to FB is an interpretation of multiple fracture 
indicators including, FMI image, gas readings, dynamic losses and C1:ROP (rate of penetration) ratio.  
These are used in conjunction with the Ant Track analysis to define the faults and determine the 
extent of the FZs.  RPS has reviewed this approach and considers that the correlation of FZs as 
defined by Ant Tracking and the fracture indicators is not always clear cut.  We accept that in most 
cases the seismically defined FZs do appear to have increased fracturing as seen by the indicators in 
the wells.  However, it is also clear that there are cases where the density of fracturing is very similar 
in the FZ and FB.  It is undoubtedly difficult to be definitive on the fracture density.  When all the FZs 
are calibrated against the log indicators an average FZ width was estimated.  This was then taken into 
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the fault model with average FZ thickness applied to all the seismically defined faults away from well 
control.  Within the model this approach results in a proportion of the model defined as FZ with the 
remainder defined as FB.  RPS accepts that Hurricane’s approach to define fracture distribution 
represents one reasonable realisation and this will be refined as new data becomes available. 

To capture the uncertainty associated with the proportion of FZs to the background FB we used a 
range of ratios of FZ:FB as detailed in Table 7.2.  Clearly when treated probabilistically a strong 
negative dependency is required i.e. if FZ proportion low FB proportion will be high. 

 Fault Zone 
(FZ) 

proportion 

Fractured 
Basement (FB) 

proportion 
Rationale 

Low (%) 37 43 Hurricane estimate of proportions accepted as 
the mid case.  To capture uncertainty +/- 10% 
was adopted as a reasonable variation on the 
Best case 

Best (%) 47 53 

High (%) 57 63 

Table 7.2 – FZ:FB Proportion Range 

From our review of Hurricane’s log analysis, we have derived a porosity range for both the FZ and FB.  
Table 7.3 summarises the ranges used with our rationale. 

 
Fault Zone (FZ) 

Porosity 

Fractured 
Basement (FB) 

Porosity 

Rationale 

Low (%) 3 2 
Estimated from image log work done by 
Eriksfiord  

Best (%) 4.8 3.2 
Based on log analysis both conventional and 
NMR 

High (%) 7 5 
Assumes higher porosity associated with 
major (sub regional) fault zones 

Table 7.3 – Porosity Ranges 

Water saturation, Sw, is also difficult to estimate as it cannot be reliably calculated from logs.  RPS 
considers that irreducible water saturation, Swi, in fractures will be very low due to weak capillary 
forces.  This will be particularly true for the FZs where a range of very low average Sw’s has been 
adopted, Table 7.4.  For the FB a slightly higher rage of Sw’s has be used to reflect the probable 
higher Swi held in the very fine non-discrete fractures.  In both cases it is considered that the 
transition zone height will be small with little impact on the average Sw. 

 
Fault Zone (FZ) 

Water Saturation 

Fractured 
Basement (FB) 

Water Saturation 

Rationale 

Low (%) 1 5 Difficult to estimate where Sw cannot be 
calculated from logs.  Adopted a large range 
of reasonable values to reflect high 
permeability large fractures to lower 
permeability small scale fractures 

Best (%) 5 10 

High (%) 10 15 

Table 7.4 – Water Saturation Range 
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7.4 Basement Reservoir – Contacts 

The definition of the field OWC range has been assessed by reviewing a number of different data 
sources and observations of movable oil in the well bore.  We considered the MDT interpretation 
gives the most likely depth for a FWL which approximates to an OWC in this high permeability fracture 
system. 

Hurricane has reviewed each MDT point and excluded certain points from the MDT interpretation. 
RPS has reviewed Hurricane’s rationale for each point accordingly.  The data reviewed includes the 
Schlumberger report for the MDT testing on wells 205/21a-4 and 205/21a-4Z, ESP intake data, 
memory gauge data and MDT data for 205/21a-7. 

7.4.1 205/21a-4 MDT Data 

RPS has reviewed each MDT point in the Schlumberger report and the original MDT logs.  RPS 
agrees with Hurricane and Schlumberger that only three pressure points are valid where the build-up 
pressure has stabilised; at 4,960.14 ft MD (1,511.85 m MD), 5,443.99 ft MD (1,659.33 m MD) and 
6,531.01 ft MD (1,990.65 m MD). The sampling frequency is low and the points are well separated so 
fitting a single line would be inappropriate.  In addition, the Logicom 2014 report suggests that the 
fluid sampled at the top test point is a different fluid to the one sampled at the other two test points. 
RPS agrees that the MDT points for well 205/21a-4 should be excluded from the analysis. 

7.4.2 205/21a-4Z MDT Data 

RPS has reviewed each MDT point in the Schlumberger report and the original MDT logs.  By 
investigating the stability of the pressure build up in each case RPS agrees with the assessment of 
the validity of points as presented by Hurricane.  Of the 15 points reviewed, nine are considered valid. 

7.4.3 205/21a-7 MDT Data 

Only one point appeared to stabilise in the MDT data, taken at 1,670m TVDSS.  However, the 
measured pressure is substantially higher than the existing trend established for the oil phase based 
on other data points and is not consistent with the interpreted in situ water gradient based on fluid 
density data taken from Expro’s report on water samples from the 205/21a-4 and 205/21a-4Z wells

11
. 

As a result, RPS concurs with Hurricane’s conclusion that this measurement is anomalous and does 
not consider it to be a valid measurement. 

7.4.4 Discussion 

The oil trend from the MDT pressure points is clear and is consistent with the oil density of 0.775 g/cc 
taken from the PLT in the 205/22a-7 well, Figure 7.9.  Due to there being no pressure points recorded 
in the water leg, despite numerous attempts, the water gradient was defined from 0 psi at Mean Sea 
Level and projected to the reservoir on a gradient defined by the water density of 1.0259 g/cc.  This 
water density was measured in well 205/21a-4Z which is considered by Expro to be the ‘most 
representative of the uncontaminated formation water’

12
. The sample was corrected for 

temperature/pressure taken from PLT data at 145 deg F from 1,720 m MDRT ≈ 1,632 m TVDSS in 
205/21a-7 well and 2,400 psia from the same well, giving 1.008 g/cc in situ water density.  The 
resultant intersection with the oil gradient gives a FWL of 1,652.5m TVDSS.  This depth is consistent 
with a 20 cc sample taken from wireline samples in well 205/21a-7 and indicated on Figure 7.9.  RPS 
considers this depth to represent the Best case OWC for all Lancaster reservoirs. 

For our Low case (shallow) contact, we believe that the ODT defined by the oil swabbed into the well 
bore of 205/21a-4 and circulated to surface from 1,597 m TVDSS demonstrates movable oil.  The 
geochemical analysis confirmed the swab oil to be the same as the DST oil in wells 205/21a-4Z, 6, 
7 and 7Z. 

The High case (deep) contact was based on a number of indicators.  A wireline oil sample, <10 cc, 
was taken at 1,669 m TVDSS in well 205/21a-7 indicating possible oil deeper than the Best case 
OWC.  There is support for this from the resistivity log which shows a reduction in resistivity at 
1,678 m TVDSS, possibly due to a change in formation fluid (Figure 7.10).  The GC Tracer™

13
 drilling 
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 Expro Test Report SRP1101035 

12
 Sample 2.01 (Vessel 10008-MA) as reported in Expro Test Report SRP1101035 

13
 Weatherford’s advanced gas analysis system 
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gas analysis also suggests a deeper fluid level at 1,685 m TVDSS based on ratio analysis of gas 
components and density calculations.  RPS used the 1,678 m TVDSS as the high case OWC. 

A summary of OWCs used is given in Table 7.5 and a map of the field with the contact is shown in 
Figure 7.11. 

<10cc oil Sample

1669m SS

20cc oil Sample

1645m SS1652.5m TVDSS

 

Figure 7.9 – MDT Pressure Plot 
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Figure 7.10 – Resistivity Evidence for an OWC
14

 

 OWC (m) Rationale 

Shallow 1,597 Swab depth where oil circulated to surface 

Mid 1,653 MDT oil fluid gradients intercept 

Deep 1,678 
Below deepest oil, (<10cc sample), evidence 
of oil from resistivity and GC Tracer analysis 

Table 7.5 – OWC Summary 
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Figure 7.11 – Lancaster Basement Depth Map with OWC Range
15

 

7.5 Victory Reservoir 

The Victory Sandstone, formerly named the Commodore, has been encountered in all the Hurricane 
drilled appraisal wells on the west of the Lancaster structure.  In all cases the wells penetrated an oil 
bearing sandstone section overlying the main Basement reservoir.  From interpretation of the seismic 
it is clear that the Commodore sand is located on the west side of the Lancaster structure (see 
Section 6.2.3).  Top and base of the interval has been mapped by Hurricane.  RPS has reviewed and 
agreed the Hurricane interpretation.  Three sand facies are identified, argillaceous sandstone, clean 
sandstone and a lower calcite cemented sandstone.  

In our previous CPR, the evaluation of the reservoir properties was somewhat hampered by the 
casing shoe placed in the middle of the interval in the 205/21a-4 well.  The more recent wells, 
205/21a-6, 205/21a-7 and 205/21a-7Z, allow a more reliable petrophysical analysis.  RPS reviewed 
Hurricane’s interpretation and has found, with the data available, their evaluation was reasonable 
despite the lower part of the section being un-interpretable in 205/21a-4.  Wells 205/21a-6 and 
205/21a-7Z penetrated over 80 m (MD) of the Victory Sandstone.  This translated to approximately 
17 m TVD thickness in 205/21a-7Z and just under 3 m TVD in 205/21a-6.  Hurricane provided their 
estimates of Vsh, effective porosity and water saturation for 205/21a-6.  RPS carried out an 
independent evaluation of this well and 205/21a-7Z.  The results in 205/21a-6 were comparable to 
Hurricane’s estimates.  The sums and averages derived from the RPS evaluation from both wells form 
the basis for the RPS input to the volumetric calculation for the Victory Sandstone (Table 7.6). 

 
Low Best High 

NTG (%) 35 55 75 

Porosity (%) 11 14 17 

Sw (%) 30 40 50 

FVF(rb/stb) 1.2 

Table 7.6 – Victory Reservoir Parameter Input Ranges 
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The Victory Sandstone is interpreted as being in communication with the Basement and as a 
consequence will have the same contact range. 

7.6 Rona Reservoir 

The Rona Sandstone is late Jurassic age and has been deposited, directly on the Basement, by a 
variety of depositional processes; fluvial, sheetflood, debris flow, high and low density turbidity flows.  
The nature of the Rona encountered in the Lancaster wells is unknown, having only been penetrated 
in two wells, 205/21-1 and 205/21a-6.  The former encountered 6 m TVD of Rona with the latter 
penetrating 117 m MD at the toe of the horizontal section.  The Rona Sandstone cannot be mapped 
directly from seismic but RPS believes that it is likely to be present where there is a deep Basement 
pick (see section 7.2.3).  However, RPS has not extended the ‘discovered’ presence of the Rona 
beyond any major faults, see Figure 7.12.  The range of average thicknesses in the sand is a major 
unknown.  Based on the nearby penetrations the large thickness range in Table 7.7 is considered to 
be reasonable.  RPS conducted a petrophysical evaluation of the Rona section in well 205/21a-6 and 
our results were similar to those provided by Hurricane.  Sums and averages derived from the RPS 
evaluation using a porosity cut-off of 8% and 10% form the basis for the RPS input to the volumetric 
calculation for the Rona Sandstone (Table 7.7).  The Rona Sandstone is in pressure communication 
with the Basement and shares the Basement contact range although as currently mapped it occurs 
above the shallowest contact. 

 

Figure 7.12 – Estimated Rona Sand Distribution 
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 Low Best High 

Gross Thickness (m) 10 45 80 

NTG (%) 20 50 80 

Porosity (%) 15 19 23 

Sw (%) 20 30 40 

FVF(rb/stb) 1.2 

Table 7.7 – Rona Reservoir Parameter Input Ranges 

7.7 Lancaster Volumetrics 

RPS has adopted a probabilistic approach to determine the range of STOIIP for the Basement, 
Victory and Rona reservoirs based on the input parameters discussed above.  For the Basement and 
Victory GRV’s were derived from area depth plots.  For the much poorer constrained Rona an area 
and thickness was used based on the area and thickness discussed above.  Table 7.8 details the 
resultant range of in-place volumes.  The total is from probabilistic summation.  In all cases the 
volumetrics were limited to licence P1368, (Blocks 205/21a, 205/26b and 205/22a).  In the instance of 
the Basement the reservoir clearly extends east into licence P2308, Block 205/22b, also owned 100% 
by Hurricane (see Figure 3.2). 

 Low 

MMstb 

Best 

MMstb 

High 

MMstb 

Basement 1,330 2,083 3,079 

Victory 116 204 325 

Rona 7 29 69 

Total
16

 1,571 2,326 3,333 

Table 7.8 – Lancaster STOIIP (100% Basis) 

7.8 Reservoir Engineering 

7.8.1 PVT/Fluids Data 

A number of oil PVT samples have been taken during the various well tests.  The properties of the 
selected samples are summarized in Table 7.9: 

Well name/ 
DST 

Sample 
# 

Depth Ft 
(m) 

MDRKB 

 Reservoir 
Opening 
condition 

Saturation 
Pressure 
(psia) @ 

56
 o
C 

Oil FVF 
(rb/stb) 

Oil 
Gravity 
(°API) 

Solution 
GOR 

(scf/stb) 

Gas 
SG 

psia 
o
C psia 

o
C 

205/21a-4 
DST1 

1.08 
3998 

(1218.6) 
N/A N/A 4861 22 N/A 1.218 38.3 405 0.883 

205/21a-4Z 
DST1 

1.37 
4374 

(1333.2) 
1839 56 7200 21 1589 N/A 38 413 0.911 

205/21a-4Z 
DST2 

2.53 
4022 

(1225.9) 
1839 56 8350 22 1611 N/A 38.1 414 0.912 

205/21a-6 
DST1 

1.01 
5454  

(1662) 
1904 56 5600 10 1603 1.204 38.2 365 0.866 

205/21a-7 
DST1 

1.05 
3986  

(1215) 
1965 56 4130 20 1605 1.22 37.56 397 0.893 

Table 7.9 – Lancaster PVT Properties 
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RPS reviewed the properties of the selected samples and concluded that there is no gravity 
segregation in the reservoir and the small differences seen in the GOR between samples can be 
attributed to the different conditions at which the samples were opened to surface conditions. (i.e. in 
general, the higher the opening pressure the higher the GOR and the higher the gas gravity).  The 
small differences between the measured oil gravities for the selected samples are negligible and 
could be caused by measurement error. 

7.8.2 Rock Properties/SCAL 

No core or SCAL data were available for Lancaster in either the Basement or Victory Sandstone 
sections. 

7.8.3 Well Tests 

205/21-1a was the first well drilled on Lancaster by Shell in 1974, mainly targeting Mesozoic clastic 
sediments overlying a major basement section.  Three DSTs were run and the well flowed at a 
maximum rate of 191 bw/d with a ~2% trace of 31-36° API oil.  

RPS reviewed these test results in the 2008 RPS report
17

 and concluded that the water flow and 
traces of oil from DST1 was most probably from fractured basement but could possibly be from the 
Valhall limestones.  A further DST (DST3) was unequivocally from the Valhall Formation.  At the time, 
the results of both tests were thought to have confirmed the presence of some oil in fractures but did 
not indicate the presence of any significant moveable oil volume or that fractured basement would be 
a productive reservoir. 

In September 2009, Hurricane drilled an ‘appraisal’ well, 205/21a-4 to a total depth of 6,631 ft MD 
(2,021 m MD), near the crest of the structure in an area of dense fracturing, to determine the potential 
of the major seismic faults in the basement.  Two DSTs were performed; DST1 was conducted across 
the basement interval 4,854 – 6,631 ft MD (1,479.5 – 2,021 m MD).  Numerous operational problems 
were encountered and a complete account can be found in the Well Testing End of Well Report

18
. 

The well eventually flowed light oil (38° API) at rates of up to 1,367 stb/d at 75% BS&W, with a total of 
553 barrels of liquid recovered to surface (56 bbl of oil, 497 bbl of water). 

DST2 was conducted across the basement interval 4,854 – 5,651 ft MD (1,479.5 – 1,722.5 m MD). 
Fewer problems were encountered on DST2 than on DST1, though a few minor issues still existed 
and are also documented in the End of Well Report.  The well eventually flowed light oil at rates of up 
to 677 stb/d at 85% BS&W, with a total of 224 bbl of oil and 1,287 bbl of water recovered to surface. 

Unfortunately, the well was not cleaned up during either test, in part due to limited draw-down 
resulting from rubber debris from a failed SenTREE Ball valve within the DST string and in part due to 
the severe formation damage caused by the chosen drill-in fluid (Drilplex).  These operational 
problems resulted in a sub-optimal test.  In addition, variable choke changes and constant switching 
between tanks and separator did not allow for well stabilisation, which proved problematic for later 
well test interpretation

19
.  

In June 2010, the Lancaster well was re-entered and sidetracked (205/21a-4Z) using a balanced sea 
water/brine drilling fluid.  The reservoir was partially penetrated and DST1 performed in this upper 
section (4,563 – 4,950 ft MD)

20
.  Light oil flowed from the well at the rates of ~2,000 stb/d and with 

only traces of water (15 bw/d), likely drilling brine rather than formation water.  The PLT flow period 
produced a stabilised rate of ~2,500 stb/d with no significant water influx observed.  The well was then 
deepened and a second test (DST2) performed on the combined open hole interval (4,563 – 5,182 ft 
MD).  The production rates for DST2 were ~2,500 stb/d and ~500 bw/d.  Following this main flow, a 
PLT was run to characterise the flow profile which identified water production originating from the 
interval 5,037 – 5,048 ft MD. 
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 EVALUATION OF HURRICANE EXPLORATION PLC ASSETS”, RPS May 2008. 

18
 Well Testing End of Well Report – Lancaster Exploration – 205/21a-4 (HEX-WE-REP-003), Senergy, December 2009 

19
 Hurricane Lancaster Well 205/21a-4 Well Test Review Rev2 14 04 10. Axis Well Technology 

20
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In April 2014 Hurricane drilled and tested the horizontal well 205/21a-6, targeting the fractured granite 
basement.  The well was drilled successfully and the entire horizontal open hole section below the 
9 5/8” casing shoe was tested via DST with an integral Electric Submersible Pump (ESP), ultimately 
delivering maximum rates of 9,800 stb/d using the ESP and 5,300 stb/d under natural flow.  While 
some water was produced during the test, this was determined to be drilling brine returns, with no 
formation water produced during the test.  The test rates were ultimately constrained by the flare 
boom length and surface test spread being rated for 10k stb/d only.  Produced oil gravity was 
38.2° API, consistent with production from other wells. 

In 2016 Hurricane drilled the pilot well 205/21a-7.  The well was designed to demonstrate the depth of 
the free water level (FWL) on Lancaster.  A single DST was conducted over the basement interval. 
Numerous flowing and shut in periods were carried out to allow different PLT passes to be run under 
static and flowing conditions and maximum stable rates of 10,930 stb/d using artificial lift (ESP) and 
6,300 stb/d maximum stable natural flow rates.  The PLT runs demonstrated that 100% of flow came 
from a short 8m interval (1,368-1,376 m MD) near the top of the open hole section.  

As a result, no flow was established from the rest of the well, with a clear oil-brine interface identified 
at 1376.3 m MD (from the PLT flowing passes).  Fluid density logs from shut-in and flowing passes 
show a change in fluid density below the flowing section, which is attributed to mixing of the heavier 
drilling brine (56,000 ppm) with lighter formation water (18,500 ppm), suggesting some influx into the 
wellbore from the formation.  Wireline fluid samples taken below the flowing interval contained small 
volumes of oil, which can be interpreted to demonstrate oil influx below the flowing interval. 

The last well drilled in the Lancaster field was the horizontal well 205/21a-7Z which is a sidetrack for 
the appraisal well 205/21a-7.  The well was planned as a second horizontal producer. 

The well test was performed in October 2016 and, due to an annulus leak, the test operation was split 
between 2 DST tests.  DST1 produced at a maximum stabilised rate of 15,375 stb/d using the ESP 
following clean up.  DST2 produced at a maximum natural flow rate of 6,520 stb/d @ 45 psi 
drawdown.  Hurricane reported that all water produced was composed of drilling brine returns and no 
formation water was produced during the test.  Productivity index for the well was reported to be 
147 stb/d/psi, similar to the 160 stb/d/psi interpreted from the 205/21a-6 horizontal well. 

7.8.4 Well Test Analysis 

Due to the operational issues encountered during testing, the test data from the 2 DSTs conducted on 
the 205/21a-4 well were not considered appropriate for analysis.  

However, both DSTs run in the side-track (205/21a-4Z) provided good quality test data, including 
surface rates, down-hole and seabed pressures and PLT data.  They also consisted of a clean up 
flow period, main flow period, sampling flow period and PLT flow period which were analysed and 
interpreted by RPS using Kappa Engineering Well Test analysis software Ecrin V4.12.  The measured 
bottom-hole pressures are affected by tidal effects which have been corrected for by RPS before 
interpretation.  RPS used a dual porosity model with two flow boundaries, one no-flow and one 
constant pressure, to model the reservoir performance and obtained very good matches on log-log, 
semi-log and pressure history of the well test data.  The PLT and test results show that there is good 
connectivity between micro fractures and macro fractures within the basement.  The reservoir flow 
capacity, Kh, was calculated to be 23,000 and 40,000 mD-ft for DST1 and DST2 respectively.  The 
variation in flow capacity in the two tests was due to the fact that DST2 was conducted over a longer 
reservoir interval.  PLT analysis also showed that the upper section tested in DST1, which is 
connected to a volume of increased reservoir mobility, was impaired in DST2 due to invasion of 
drilling mud while deepening the well after DST1.  The calculated skin factor value was approximately 
40, suggesting that the well inflow potential was extremely damaged.  

Pressure Transient Analysis of the 205/21a-6 well test was conducted by Axis for Hurricane.  RPS 
has reviewed the well test report and observed that the methodology employed by Axis was very 
similar to that performed by RPS on the 205/21a-4Z well data.  The analysis indicates excellent 
reservoir quality around the 205/21a-6 well, with an interpreted permeability thickness of 
860,000 mDft with low skin. The test also showed a strong dual porosity response corroborating 
previous models (Figure 7.13), with two-thirds of the connected pore volume present in the 
dynamically compressible fracture set.  As no PLT was run in the well, it is impossible to know exactly 
how much of the horizontal open hole section was contributing to flow, but assuming the entire 1 km 
(3,250 ft) was flowing, Axis interpret the average permeability for the well to be approximately 
265 mD.  The permeability of the high conductivity fractures is estimated at approximately 800 mD. If 
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the flowing section was shorter, then the effective permeability would be higher as a result.  Based on 
the PLT data from the 205/21a-7 well, this is obviously a possibility, given that the well is interpreted 
to intersect a number of high density fracture zones. 

Axis also conducted a Pressure Transient Analysis for the test performed in well 205/21a-7Z, which 
also showed a dual porosity response (Figure 7.14).  Well test results were similar to the 205/21a-6 
well (which given the proximity is perhaps not surprising), with Kh interpreted to be 780,000 mD-ft, 
resulting in an average permeability of 240 mD, assuming the entire open hole section is contributing. 
During the natural flow period of the test, the downhole pressure gradually decreased for the first 
12 hours, before stabilising to remain constant for the rest of the flow period (Figure 7.15).  

This is interpreted by Hurricane, and corroborated by Axis, as gradual increase in contributing length 
along the well bore.  Discrete fractures being depleted more rapidly than they are refilled by the 
supported non-discrete fractures during the early stage to later stabilise due to the increasing 
contribution of more discrete fractures once the drilling brine was offloaded. 

 

 

Figure 7.13 – 205/21a-6 Well Test Interpretation
21

 

                                                      
21

 HUR018 – 205/21a-6 Well Test Interpretation Report Rev3 30-09-14 FINAL, Axis Well Technology, September 2014. 
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Figure 7.14 – 205-21a-7Z Well Test Interpretation
22

 

 

Figure 7.15 – 205/21a-7Z DST2 Natural Flow Period
23

 

 

7.8.5 Lancaster Production Performance Analysis 

The initial reservoir pressure observed in the 201/21a-6 well (~1,904 psia) is very close to the 
reservoir oil saturation pressure (bubble point pressure) of ~1,600 psia.  Therefore, keeping the 
flowing bottom-hole pressure above the bubble point pressure is essential, to avoid a sharp increase 
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 205/21a-7Z Well Test Interpretation report, Axis Well Technology, 30
th
 January 2017. 
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 Hurricane Farmout Presentation, December 2016 
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in gas/oil ratio (GOR) and correspondingly sharp decline in oil-rate which would be expected if the 
well is drawn down too hard. 

Well tests on the two horizontal wells (205/21a-6 and 205/21a-7Z) to be used as producers during the 
planned Early Production System (EPS) have demonstrated initial Productivity Indices (PI) of 147 – 
160 stb/d/psi.  On this basis, initial rates of approximately 10,000 stb/d could be achieved with 
drawdowns of between 62 and 68 psia, which would allow the bottom hole pressure to be kept above 
the bubble point pressure initially.  

How long this can be achieved for is dependent on the extent of the reservoir and may be partially or 
fully compensated for by existence of an aquifer in the field, though the strength of this aquifer support 
is not easily quantifiable at this stage and is one of the main focuses of the EPS. 

7.8.6 Hurricane Further Appraisal and Development Plan 

Hurricane’s development plan has undergone significant revision since the November 2013 CPR 
update.  The current development contemplates an EPS, with the purpose of obtaining early 
commercially sustainable production while gathering enough subsurface information to potentially 
accomplish a full field development in a second phase of the project. 

The EPS is planned for a period of six years consisting of two horizontal wells (205/21a-6 and 
205/21a-7Z) tied back to the Bluewater Energy Services B.V. Aoka Mizu FPSO vessel.  Both wells will 
be completed during Q2 2018 with dual ESPs on variable speed drives to provide artificial lift, 
reducing the drawdown required to achieve stable producing rates and maintain pressure/temperature 
of the subsea flowlines to avoid wax deposition.  Both wells are expected to produce via dedicated 
flowlines and dedicated multiphase flow meters.  They will be also equipped with downhole pressure 
and temperature gauges. 

Hurricane has submitted a draft FDP for the Early Production system to the UK Oil and Gas Authority 
(OGA) and Environmental Statement to the Department for Business, Energy and Industrial Strategy 
(BEIS) and at the time of writing this report, are actively engaged in discussions with OGA and BEIS.  
Hurricane is working on the basis that FDP approval is received around the end of first half 2017. 

7.8.7 Hurricane Dynamic Simulation Studies 

Hurricane has engaged Schlumberger to assist with creating a simulation model in Intersect.  This 
work was intended to create a dynamic simulation model to assist with well placement and testing 
various sensitivities to input parameters.  Intersect is still a fairly new software package and Hurricane 
has reported that it does not have all of the functionality of more mature commercially available 
simulation packages such as Eclipse.  However, with Schlumberger’s assistance, Hurricane has 
successfully created a model and generated some initial production profiles for the EPS.   

Hurricane has taken their static model and directly imported it into Intersect, including dynamic data 
as available and incorporating various assumptions related to extent of the aquifer, etc.  GRV uses 
the original basement depth surface giving structural closure at 1380 m TVDSS (Table 7.10).  The 
porosity model is as discussed above.  Zero water is included in the oil leg, identified as needing 
further analysis.  The FVF is 1.2.   

 

Table 7.10 – Hurricane Dynamic Model GRV & STOIIP Cases 

The Lancaster full field simulation model has been used to create a number of forecast production 
scenarios for the planned EPS phase of the Lancaster Field Development.  Though there are many 
parameters that can be varied, Hurricane considered that the most significant uncertainties at this 
stage were the Oil Water Contact (OWC) depth, average porosity, and aquifer support.  Varying these 
three properties produced Hurricane’s Low, Base and High cases for forecasting the two-well EPS 
(Table 7.11).   
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Note that these cases were run prior to the drilling of the 205/21a-7 well, so the deeper OWC is based 
on the 2C depth from the previous CPR (RPS Energy, 2013).  In terms of the Low Case, Hurricane 
considered this to be extremely unlikely given the wealth of data that supports producible oil below 
structural closure, but viewed that the inclusion of such a case provided confidence that the 
economics of the field are robust and the EPS can prove to be successful in this low case. 

 

Table 7.11 – Hurricane EPS Case Assumptions 

Hurricane has suggested that the EPS Phase is designed to last for up to a total of six years, 
comprised of up to three years data gathering and analysis, and a further three years to implement 
the incremental development design (Table 7.12).  This may include additional drilling, laying of 
flowlines, modifications to the topsides of the facility or even replacing the FPSO entirely.  

There is flexibility within the current design that some of these solutions could be accelerated if 
desired. 

 

Table 7.12 – Hurricane EPS Case Results (6 Year EPS Phase) 

7.8.8 Recoverable Volumes 

RPS has constructed a Low, Mid and High case material balance model to verify the numbers 
presented by Hurricane for the EPS cases.  These material balance models have been constructed 
using a pore volume vs depth curve for each contact case to allow both the oil water contact and any 
gas oil contact formed within the reservoir to be monitored. 

A range of aquifer volumes, similar to those used by Hurricane, has been included in the model, 
which RPS considers appropriate. Additionally, Prosper™ models for both the proposed well 
completions have been generated to enable the well performance to be modelled as far as the 
subsea tree, though the risers are not explicitly modelled.  For this reason, a delivery pressure at the 
subsea tree of 400 psia has been assumed, approximately 100 psi higher than the delivery pressure 
at the top of the riser suggested in the EPS documents (19.2 barg / 282 psig)

24
.  This approximation is 

considered sufficient as the ESP design has not yet been finalised. 
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 HUR-LAN-ENG-REP-0142-3 EPS Basis of Design, November 2016. 
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The material balance models use the statistically consolidated STOIIP values and contacts used in 
the RPS Low, Mid and High cases, specified in Section 7.7 above.   

Each case using the facilities limits specified in the EPS design documents provided.  Operating 
Efficiency (OE) in the Mid case is considered to be 85%, in line with Hurricane’s estimates, with +/- 
5% in the High and Low cases respectively. 

No bottom hole pressure limit is placed on the wells in the model, with the ESP allowed to produce 
against the 400 psia top node pressure noted above.  This is in contrast to Hurricane’s EPS cases 
where the bottom hole pressure in each well is maintained just above the bubble point throughout the 
forecast, which RPS does not consider to be manageable in reality.  As a result, the reservoir 
pressure is allowed to drop below the bubble point in the reservoir, resulting in a gas cap being 
formed.  However, the formation of this gas cap has no impact on the well production profile within the 
six year timeframe of the EPS.  As a result, the modelled ultimate recovery from the EPS in each case 
is limited by the initial well rates and the OE of the EPS. 

However, in reality, potential reductions in production could occur during the EPS. These could be 
related to surface facilities, wells or subsurface issues.  

Maintenance schedules and the provision for annual turnarounds are designed to mitigate the first. 
Similarly, the FPSO water and liquid handling capacity mitigate potential facility production issues to 
some extent. As both wells will be completed somewhat in advance of the required first oil date, there 
is time available to remedy any potential issues encountered during running of the upper completions, 
such that the expectation would be to have both wells available at first oil. Dual ESPs and the planned 
workover schedule mitigate to some extent the potential for pump failure significantly impacting 
production for any extended period. 

Due to the limitations of the Material Balance modelling method, the models are not dual porosity/dual 
permeability models and therefore do not capture the impact on field behaviour of the fracture 
network. In the event of water breakthrough for example, water cut is anticipated to increase quickly 
after breakthrough due to the high permeability of the fractures and may result in production rates 
being curtailed or potentially a well watering out completely. 

Any potential reduction in production is therefore anticipated to be due to subsurface uncertainties 
rather than surface issues at some time after first oil.  

In order to try and capture the uncertainty range, RPS has considered a low case scenario in which 
production rates are reduced after an initial period of the field operating normally. This could be due to 
the complete or partial loss of production from a well for the remainder of the EPS, e.g. due to early 
water influx from the fracture network and the need to reduce well production rates to control water-
production, reductions in well productivity index over time, gradual reduction in ESP performance or 
some other undefined reduction in production rate. The timing of this event (or combination of events) 
is uncertain and may be gradual or sudden in nature, depending on the cause. The magnitude of any 
possible reduction is similarly uncertain. 

For the low case, both wells start production at a gross rate of 20,000 bopd (16,000 bopd net @ 80% 
OE). RPS has arbitrarily selected a sudden 30% reduction in production rates to occur in Year 3 of 
production based on the discussion above, resulting in net production rates dropping from 16,000 
bopd to 11,200 bopd from January 2021 onwards for the remainder of the EPS. 

The Mid case assume two wells producing at an initial combined gross rate of 20,000 bopd in line with 
Hurricane’s assumptions in the EPS documentation. Both wells continue to produce for the duration of 
the EPS with no reduction in productivity index, resulting in a net production rate of 17,000 bopd (@ 
85% OE). 

Given that the vessel facilities are capable of rates up to 30,000 stb/d, if after 3 years the field is 
responding as, or better, than anticipated, Hurricane have suggested that production rates could be 
increased. RPS believes this is reasonable. Therefore, in the High case both wells produce at an 
initial combined gross rate of 20,000 bopd (18,000 bopd net @ 90% OE), with the gross production 
rate increasing to 30,000 stb/d (27,000 bopd net @ 90% OE) after 3 years. All cases assume first oil 
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on 1
st
 January 2019, which is consistent with Hurricane’s estimated first oil date range of Q4 2018 – 

Q2 2019. 
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Figure 7.16 – EPS Production Rates 

Results of these scenarios are shown in Table 7.13: 

Case 
Recovery @ 6 years

1 

(1/1/2025) MMstb 

Recovery as % of 
Hurricane’s EPS 

Estimated Recovery 
@ 6 Years 

Recovery Factor 
@ 6 years 

P90 28.1 85% 1.8% 

P50 37.3 98% 1.6% 

P10 49.3 130% 1.5% 
 

1
 In the event of Hurricane extending the EPS duration from six to ten years, additional P90, P50, P10 volumes of 16.4, 24.8 

and 39.4 MMstb respectively would be produced in these additional four years which would then qualify as Reserves.  This 
assumes that operations continue without interruption with the FPSO remaining on station for this duration 

Table 7.13 – RPS Estimated EPS Recovery 

The results are reasonably consistent with Hurricane’s EPS cases derived from the Intersect model. 
Given that Hurricane use a flat 85% operating efficiency, the wider spread in results in the RPS cases 
will be due partially to the range of operating efficiency used by RPS. 

As discussed in Section 2.2, the EPS is intended to provide early production data and information 
which will be used in defining any future full field development plan.  No full field development plan is 
currently defined. 

As a result, RPS has estimated the ultimate recovery from the field using a range of analogue 
recovery factors, as shown in Table 7.14 
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Case EUR (MMstb)
1
 

Ultimate Recovery 
Factor (%)

2
 

Contingent Resources 
(MMstb)

3
 

1C 157.1 10% 129.1 

2C 523.4 22.5% 486.1 

3C 1,166.0 35% 1,116.7 

1 
Estimated Ultimate Recovery = STOIIP x RF 

2 
Ultimate Recovery Factor range based on analogue field recovery factors 

3 
Contingent Resources = EUR – Reserves 

Table 7.14 – Estimated Ultimate Recovery and Contingent Resources 

7.9 Lancaster EPS Development Wells 

7.9.1 205/21a-6 (Horizontal Well) 

Well 205/21a-6 was drilled by Hurricane in 2014 on a 100% basis.  The well path penetrated slightly 
over a kilometre horizontally through the reservoir, encountering ten fault zones within the highly 
fractured Basement.  Oil shows were encountered in the Victory Sandstone overlying the Lewisian 
Basement, and also in the fractured basement itself.  The Victory Sandstone was cased off and an 
open hole DST was conducted over the entire 8 ½” hole (1,003 m).  The well was tested using both 
an ESP and under natural flowing conditions.  A stabilised flow rate of 9,800 stb/d was achieved using 
the ESP which was restricted by surface equipment – primarily the configuration of the burner boom.  
A stabilised natural flow rate of 5,300 stb/d was achieved, constrained by reaching critical flow 
conditions in the separator.  Oil quality was 38.2°

 
API, consistent with samples from previous wells, 

and no formation water was produced.  Post well analysis indicated that the reservoir could achieve 
rates of 20,000 stb/d under a moderate drawdown of 120 psi based on the interpreted PI of 
160 stb/d/psi

25
. 

A comprehensive LWD dataset was acquired throughout the basement to enable full petrophysical 
interrogation of the fracture network.  LWD data acquired over the basement interval consisted of: 

 Acoustic caliper 

 Gamma ray 

 Resistivity curves and image 

 Neutron curve 

 Density curves and image 

 Photoelectric curves and image 

Conventional mudlogging and advanced gas detection data – both Weatherford’s GC Tracer and 
Geoservices’ Flair for comparison – were also acquired in order to evaluate hydrocarbon presence 
and infer fracture permeability during drilling. 

205/21a-6 was designed for use as a producer and has been left suspended pending completion for 
the EPS. 

7.9.2 205/21a-7Z (Horizontal Well) 

Following the completion of the DST on 205/21a-7, the well was sidetracked in a southeasterly 
direction in order to drill a second producer for the EPS.  Over a kilometre of basement was drilled 
horizontally and thirteen fault zones were encountered.  The tophole location of the well is 26 m from 
the tophole of 205/21a-6 in order to minimise infrastructure required during the EPS.  The well was 
tested using an ESP (DST1) and under natural flowing conditions (DST2).  DST1 produced stable 
rates of 15,375 stb/d with no formation water produced.  DST2 had a stabilised oil rate of 6,520 stb/d, 
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 Source: HUR018 – 205/21a-6 Well Test Interpretation Rev 3 30-09-14 FINAL report.pdf, Axis Well Technology 
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again with no formation water produced.  A PI of 147 stb/d/psi was recorded during the natural flow 
period, demonstrating that the successful performance of the 205/21a-6 well was repeatable. 

The comprehensive LWD data acquired on 205/21a-6 was replicated on 205/21a-7Z.  GC Tracer was 
used for advanced gas detection.  205/21a-7Z was designed as the second EPS producer and has 
been left suspended. 

The EPS Phase of the Lancaster Field Development involves the two suspended horizontal wells – 
205/21a-6 and 205/21a-7Z – being completed in Q2 2018, with dual pod ESPs installed downhole to 
provide artificial lift.  Though high well rates can be achieved through natural flow, the inclusion of 
ESPs to control drawdown is considered advantageous, and they also provide higher pressure and 
temperature into the flow lines which improves flow assurance.  The wells will be completed with 
horizontal Xmas Trees each fitted with a Subsea Control Module (SCM) for the control and monitoring 
of tree, manifold and downhole hydraulic valves.  The Xmas Trees are incorporated within an integral 
fishing friendly structure and include diver insert retrievable production chokes and two downhole 
chemical injection points, as well as two chemical injection points between the production master 
valve (PMV) and wing valves (PWV). 

In normal operations each well will be produced via a dedicated flowline and a dedicated topside 
multiphase flow meter.  This will enable individual well metering.  However, the individual flowlines 
each have a capacity of 20,000 stb/d, so flexibility therefore exists to flow both wells through a single 
flowline if desired.  Downhole pressure and temperature gauges will provide valuable reservoir data. 

7.10 Lancaster Risk Assessment 

Following Hurricane’s appraisal drilling campaign many of the development risks outlined in our 
previous report have been addressed: 

 Uncertainty of fracture propensity and distribution have been significantly reduced 

 Commercial flow rates from a well test have been demonstrated 

 Two horizontal wells have been drilled successfully 

 OWC uncertainties have been significantly reduced. 

However two risk factors remain outstanding: 

 Interconnectivity of fracture network 

 Water production rates and subsequent water handling requirements. 

Both these issues should be addressed during the course of the EPS and will allow an optimum 
design of a full field development. 

7.11 Classification of Lancaster 

Significant oil has been flowed to surface in four Lancaster wells, 205/21a-4Z, 205/21a-6, 205/21a-7 
and 7Z.   

The oil produced from the EPS, for six years, meets the criteria for Reserves.  Oil not produced during 
the period of the EPS is classified as Contingent Resources.  In the CPR dated 19

th
 November 2013, 

Contingent Resources for Lancaster were classified as ‘Development Pending’, however with the EPS 
now assessing full field development potential we now classify Lancaster Contingent Resources as 
‘Development Unclarified or On Hold’.   
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8. LANCASTER COSTS AND FACILITIES 

8.1 Development Summary 

The first phase of the Lancaster development is defined by Hurricane as an Early Production System 
(EPS), the purpose of which is to obtain early, commercially-sustainable production from the 
Lancaster Field ahead of a full scale development, while at the same time providing crucial 
information about reservoir behaviour.  Early production data will allow Hurricane to refine estimates 
of maximum production potential and future recoverable volumes for the Lancaster Field.  It will also 
result in improved well placement during full field development once fluid contact movement and well 
interference are better understood.  This will enable Hurricane to optimise ultimate oil recovery from 
the field.  

The objectives of the EPS field development are to:  

 To provide long term production data to confirm the productivity and extent of the Lancaster 
reservoir to enable full field development planning and sanction;  

 Commence development of the resources of the field in a phased manner appropriate to the 
subsurface uncertainty range and resultant development risks;  

 Deliver an acceptable return on capital invested.  

The EPS is planned for a period of up to 6 years.  The initial development consists of the two existing 
wells, 205/21a-6 and 205/21a-7Z, completed and tied back to the turret moored Aoka Mizu FPSO 
(Figure 8.1), via individual flowlines enabling topsides metering of the individual wells, and 
interference testing.  Dual pod ESPs will be used in each well to provide artificial lift as well as 
providing additional well data.  

 

Figure 8.1 – Bluewater Aoka Mizu FPSO 

The design of the Lancaster Full Field Development will depend on the results of the EPS, and will be 
subject to a separate Field Development Plan (FDP).  Hurricane has two contract options to retain the 
Aoka Mizu for up to 10 years however the vessel has been selected with prime focus on being 
capable and suited to supporting the six year EPS, and significant modification is anticipated should 
the vessel be retained for the Full Field Development

26
, see Figure 8.2.  
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 HUR-LAN-OGA-PLN-0001-1 Lancaster EPS Field Development Plan, March 2017 
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Figure 8.2 – EPS and Full Field Development Planning
27

 

The development cases and associated costs provided by Hurricane were reviewed by RPS and were 
found to be reasonable.  The costs (FPSO upgrade, topsides, well completions, subsea systems and 
pipelines, etc.) had been generated by Hurricane based on FEED level engineering work performed 
by Petrofac Facilities Management Limited (wells completion), Bluewater (FPSO) and TechnipFMC 
(SURF/SPS). 

A significant amount of work has been carried out, and RPS believes that Hurricane has an 
acceptable control of the costs, the accuracy of which would typically be expected to be -5% to +15%.  
RPS believes the contingency of between 20% and 30% used by Hurricane is reasonable. 

8.2 Description 

The assumption for the EPS is to initially limit the drawdown applied to each well, reducing the risk of 
water production while gaining a better understanding of the reservoir behaviour over time.  A 
Maximum Production Potential (MPP) from the wells of 20,000 stb/d (~10,000 stb/d per well) is 
assumed, for optimum reservoir management.  Therefore, though the vessel is capable of producing 
30,000 stb/d, the profiles are limited to 20,000 stb/d for the purposes of resource calculation (and this 
number is further reduced by the 85% Production Efficiency, which is detailed in Section 8.3.1).

28
  

Flexibility is provided by the facilities for increased gas flaring and water handling if required, to 
enable oil production to be increased during the EPS Phase should the observed reservoir 
performance be conducive to sustaining higher rates of flow.  In the success case, total oil rate from 
the field could be increased to 30,000 stb/d during the EPS.  Therefore, allowances for flaring consent 
(~14MMscfd) are based around the vessel capacity of 30,000 stb/d to enable investigation of the 
potential future performance of the Full Field development as well as enhancing oil recovery during 
the EPS. 

8.2.1 FPSO and Facilities 

The proposed Field layout is illustrated in Figure 8.3. 
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 HUR-LAN-OGA-PLN-0001-1 Lancaster EPS Field Development Plan, March 2017 

28
 Note that the High case does increase production rates to the vessel capacity of 30,000 bopd after 3 years. 
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Figure 8.3 – Lancaster Field Layout Illustration
29

 

The Aoka Mizu was designed and built by Bluewater for operation as an FPSO in harsh 
environmental conditions (Haltenbanken), and has previously operated within the UKCS on Ettrick 
and Blackbird Fields for Nexen Petroleum UK. 

The FPSO is equipped with a disconnectable internal Turret Mooring System (TMS), located aft of the 
accommodation enabling passive weather-vaning.  The vessel is capable of sailing to field under her 
propulsion and pulling in the buoy unassisted 

The Aoka Mizu process system comprises a three-stage separation and produced water clean-up.  Oil 
will be routed to the cargo tanks, gas will be utilised as fuel with surplus gas flared (though provision is 
made for continuous flaring of all associated gas if required), and if there is any produced water it will 
be cleaned up and discharged to sea. 

The storage capacity of the Aoka Mizu is such that tanker offloading will typically be required every 
19 to 29 days.  Reduced storage capacity would increase offtake frequency and associated OPEX 
costs.  Offloading will be carried out in tandem with DP2 shuttle tankers connected by a hawser and 
held on station by the shuttle tanker’s dynamic positioning system to the stern of the turret-moored 
and heading-controlled FPSO.  Both the use of DP shuttle tankers and the FPSO heading control will 
create the best alignment between shuttle tanker and FPSO.  Offloading operations will be carried out 
in full compliance with regulatory requirements.  In line with other operations West of Shetland and 
the working distance between FPSO and Shuttle tanker shall be increased compared to North Sea 
operations.   

Gas turbine generator sets with waste heat recovery enable associated gas will be used for power 
generation for all marine and process facilities, including the well ESPs.  The storage tanks can be 
heated to 45° C, using steam-heating coils supplied from either the waste heat recovery units on the 
turbine or the newly added electrical steam boiler system, which will handle any issues with the waxy 
crude. 
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All sub-sea architecture is simple and routine.  No issues are contemplated here except weather 
window constraints and seabed conditions – the presence of boulders/moraine. 

The Aoka Mizu FPSO has a total fluids capacity (oil plus water) of 35,000 bpd.  Produced water is not 
expected during the EPS, however should early water breakthrough occur, provision exists within the 
topsides facilities for surface treatment of up to 20,000 bw/d using hydrocyclones and a degasser 
prior to discharge overboard.  During the EPS, produced gas will be used for vessel power 
requirements and any surplus gas will be flared. 

FPSO power is more than adequate – 2 x 10 MW Solar Mars GTG’s. 2 x 6 MW diesels, 
1 x 1 Emergency diesel.  Usage estimated at 9 MW, peak 12 MW.  The normal supply will be provided 
from one of the gas turbines.  In the event of an interruption to the fuel gas system or the 
unavailability of the fuel gas compressor package or gas turbine generators then power to the process 
system will be supplied via the alternative diesel generators.  

Gas produced during the EPS phase is anticipated to consist entirely of solution gas liberated from 
produced oil.  Approximately 80% of solution gas will be liberated in the first stage separator, with the 
balance split almost equally between the second and third stage separators.  A flaring rate of 6 to 
8 MMscfd is expected unless the gas is diverted for fuel use from a new dedicated fuel gas treatment 
unit which includes a compressor.  No injection horizons have been identified and no immediate 
export is possible between 2 to 2.9 MMscfd could be used for fuel.  We understand that this has been 
discussed in detail with the Regulators and has been included in the published Environmental 
Statement and will be included in the future submission of the Field Development Plan. 

Additional chemical injection packages will be installed to support continuous operations West of 
Shetland, capable of injecting chemicals into the wells via the umbilical, both downhole and at the well 
head, as well as into the topsides facilities.  Typical chemicals are expected to include wax and scale 
inhibitors, methanol into the wells and de-mulsifier, anti-foam, de-oiler and scale inhibitor into the 
topsides.  

8.2.2 FPSO Upgrade 

 

Figure 8.4 – Aoka Mizu, Lancaster Upgrade Scope (highlighted in green)  

Bluewater have identified the following modifications and upgrades to the vessel (Figure 8.4):  

 Vessel upgrade with green water
30

 mitigation (bow and side) 
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 Note In heavy storms, the waves and ship motions can become so large that water flows onto the deck of a 
ship.  If not properly allowed for in the design this ‘green water’ can cause structural damage. 



RPS Energy  Hurricane Energy CPR 

ECV2210 42 May 2017 

 Provision of supply and booster pumps for round trip pigging diesel or crude oil 

 Utility upgrade with helicopter refuelling system 

 Fuel gas compression package 

 Electrical steam generation package 

 Upgrade of chemical injection skid capacity 

 Installation of a new subsea control system 

8.2.3 Turret modifications  

Upgrade of the Turret Mooring System for Lancaster environment, including 

 Design and build of a new disconnectable buoy and 3x4 mooring system 

 Installation of a new mooring monitoring system 

 Refurbishment of the existing swivel stack, including modification to accommodate 
electrical slip rings for the ESP power supplies 

 Turret piping modifications to suit round trip pigging of the production flowlines 

 New lower bearing blocks and reduction of the bearing gap 

 Installation of an additional multiphase flowmeter  

8.2.4 Subsea Infrastructure  

A schematic of the subsea infrastructure is depicted in Figure 8.5.  

 

Figure 8.5 – Schematic of Subsea Infrastructure (FEED2)
31
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The subsea infrastructure required to support the Lancaster EPS development consists of twin 
insulated 6” Internal Diameter (ID) 350 m x 2.1 km dynamic flexible risers which will be connected into 
the buoy in a pliant wave configuration.  The riser will be insulated with 33 mm of expanded Polyvinyl 
Chloride (PVC) foam to improve thermal performance. 

Both the jumpers and the flowlines will be insulated with 66 mm of expanded PVC foam for improved 
thermal performance, where possible the manifold pipework will be insulated to prevent cold spots. 

Due to the presence of boulders – surface boulders and possible moraine – Hurricane has decided to 
not trench but to use rock dumping and mattresses at either end.  Operationally this is the easiest 
option, however there may be an environmental issue since it will be virtually impossible to retrieve 
the flowlines when the field is decommissioned 

A combined static dynamic electro-hydraulic umbilical will convey three phase power, chemical, 
hydraulics and low voltage power and signal to an umbilical termination assembly (UTA) within the 
subsea manifold.  

The Subsea Control System, the Integrated Control Safety System and associated HPU, chemical 
injection skids, etc, are sized to support four EPS wells (205/21a-6, 205/21a-7Z and up to two future 
wells), gas export and gas lift if desired, enabling the acceleration of some elements of incremental 
development. 

8.2.5 Development Wells 

The 2 existing wells have already been drilled and suspended, the top hole locations are 
approximately 25 m apart, therefore there is no risk drilling or additional mobilisation risks associated 
with this activity. 

 205/21a-6 drilled and tested in 2014 

 205/21a-7Z drilled and tested in 2016 

Both wells have approximately 1km horizontal sections. 

The well completion operations include 

 Utilising a 4th – 6th generation semisubmersible rig – less susceptible to weather 
downtime West of Shetland 

 Both wells are within the same anchor pattern 

 Re-enter and run Schlumberger dual redundant downhole Electric Submersible Pumps 
(ESP) and Schlumberger Sapphire DHPT independent gauges. 

Operations Summary 

 Batch run TechnipFMC horizontal Xmas trees 

 Perform wellbore cleanout operations, well completion operations and short clean up flow 
for each well in sequence 

 Hand well over to project for tie-back operations 

Schedule 

 62 days operations including 25% Non Productive Time (NPT) and Waiting on Weather 
(WoW) 

 Critical path:  

o Rig commitment second half 2017  
o Complete operations by first half 2018 

 
Hurricane’s assumption of three workover campaigns between 2021 and 2027 as part of their 
operating cost estimate is considered adequate. 

8.3 Environmental Considerations 

One of the main risks of developments West of Shetland is the harsh environmental conditions that 
they are exposed to.  The deep water over the West of Shetland continental slope is exposed to a 
large westerly fetch and strong winds (particularly from the west and southwest); these conditions 



RPS Energy  Hurricane Energy CPR 

ECV2210 44 May 2017 

generate an extreme wave regime in the area.  The wave climate is far more severe than the northern 
North Sea as illustrated in Table 8.1 below; it is relatively calm for only 12% of the time West of 
Shetland compared with 41% in the North Sea. 

Significant Wave 
Height (m) 

Percentage Annual Exceedance 

North Sea West of Shetland 

2 59% 88% 

3 28% 58% 

4 13% 34% 

5 5% 19% 

6 2% 10% 

7 <1% 5% 

Table 8.1 – Metocean Data Comparison between North Sea and West of Shetland 

The water depth in Lancaster is around 155 m and this, coupled with the more severe weather 
conditions, means that it not possible to use jack-up drilling rigs to drill the development wells.  The 
cost of installing a fixed jacket with its own drilling rig would be prohibitively expensive, particularly 
considering the number of wells that could be drilled from the facility.  Therefore, the Lancaster Field 
is most likely to be developed using sub-sea technology and an FPSO. 

There has been over 20 years of oil and gas developments in the area and the extreme weather that 
they can be subjected to is now better understood.  RPS believes that the Bluewater design and the 
proposed vessel upgrades will adequately deal with the expected conditions.  

8.3.1 Operational Efficiency  

The expected production efficiency is calculated based on the Society of Petroleum Engineers 
Production Efficiency Reporting - Best Practice Guidance (2016).  Based on the availability target of 
the facility (95%), operational constraints such as pipeline pigging and shuttle tanker offtake and 
allowance for well and pipeline issues, a Production Efficiency target of 85% is established by 
Hurricane.  RPS considers this value reasonable for a P50 case. 

The use of electric submersible pumps for artificial lift is a sensible approach particularly as they are 
going to install two 100% pumps in each well, which can be switched over using an ROV if the first 
one fails.  Reliability of ESP’s has been steadily improving and the use of variable speed drives 
reduces the shock load to the pump which historically has been one of the main causes of early 
failure.  There is a slight concern that if there is an unexpected reason for pump failure it may well 
affect all the pumps, but this is thought to be unlikely. 

Roundtrip pigging of flowlines (every 6 weeks) is a key design characteristic.  However the flow 
assurance studies carried out by Hurricane (see Section 8.4.1) indicate that this is probably a 
conservative estimate. 

RPS has some concern about the assumed shuttle tanker offloading efficiency.  The calculation 
assumes limited downtime (3.2 days per year) due to offloading issues.  The Aoka Mizu has a storage 
capacity of 604,478 stb (96,112m

3
) in eleven crude oil storage tanks at 98% full, and two slops tanks 

with a combined volume of 48,750 bbl (7,596m
3
) also at 98% full.  At an average draft of 14.5 m the 

storage capacity is approximately 550,000 stb, meaning that during the winter months when the 
FPSO is limited to the Winter North Atlantic (WNA) draft of 14.58 m sufficient capacity exists for up to 
two days of offloading delay, assuming an offloading parcel size of 500,000 stb.  

West of Shetland is notorious for bad weather and RPS believes that the two days of ullage could be 
tight.  To partially mitigate this issue, Hurricane advises that they will work closely with both Bluewater 
and the Oil Buyer to lift early if severe weather is expected.  

Subject to the necessary consents and approvals, Hurricane intends to complete the two suspended 
horizontal wells, 205/21a-6 and 205/21a-Z in Q2 2018.  The moorings and disconnectable turret buoy 
will be installed in the summer working period of 2018 with the installation of the subsea facilities 
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following immediately thereafter.  FPSO arrival and buoy pull in, which can be carried out 
autonomously by the Aoka Mizu, are scheduled for end September 2018 to end April 2019 with a 
resulting First Oil window of the first half of 2019 and a stretch target first oil date of the end of 2018.   

Figure 8.6 presents the project schedule.  This is dependent on obtaining FDP Production Consent. 

 

Figure 8.6 – Project Schedule
32

 

FEED 2 status – we understand the main study deliverables were completed on time and budget. 
Final Investment Decision (FID) is expected in Summer 2017.  To maintain optionality with respect to 
the Stretch target, Hurricane needs to continue with the procurement of the existing contract awards 
such as for Xmas Trees and Control Systems and in addition progress several other awards prior to 
FID. 

8.3.2 Contractors and Contracting Strategy 

The Hurricane contracting strategy is well thought out: all the main contractors (Bluewater, 
TechnipFMC and Petrofac Facilities Management Limited are recognised as leading oil industry 
contractors and will be hungry for success in this low price environment.  The contractors are amply 
qualified to ensure the success of this relatively simple project. 

The interface execution scopes have been defined and the contractor scope outlined, in terms of both 
physical supply of materials and equipment and services supply.  This has enabled agreement by all 
the interface parties. 
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Bluewater 

RPS has seen the Lancaster Development Heads of Terms agreement with Bluewater, and draft 
contracts of the following:  

 Engineering Procurement and Construction of certain works to the “AOKA MIZU” FPSO 
for the Greater Lancaster Area, with Bluewater (“EPC”) 

 Bareboat Charter of the “Aoka Mizu” FPSO for the Greater Lancaster Area with Bluewater 

 Production, Operation and Services of the “AOKA MIZU” FPSO for the Greater Lancaster 
Area, with Bluewater (“POSA”) 

Under the EPC, Bluewater is to carry out the upgrade work and to supply a new mooring system and 
buoy for the FPSO so that it is suitable to process hydrocarbons from the Greater Lancaster Area for 
a period of ten years.  The contract price payable by Hurricane for the performance of the upgrade 
work is a fixed lump sum price of US$299 million which will be adjusted to reflect exchange rate 
movements at the time of final sanction.  The lump sum payment includes an element of contingency, 
which, together with other financial arrangements, should be enough to cover, in RPS opinion, 
possible cost overruns.   

The bareboat charter of the FPSO is for an initial period of three years from first oil.  The term can be 
extended by three years, the first option period, and by a further four years after the first option period.  

The POSA appoints Bluewater to operate and maintain the FPSO, to act as installation operator and 
duty holder under the relevant United Kingdom legislation and to provide production services using 
the FPSO.   

TechnipFMC 

TechnipFMC have been contracted to Engineer, Procure, Construct and Install (EPCI) the subsea, 
umbilical, riser and flowline elements (SURF) as well as the subsea production system (SPS) 
comprising 2 horizontal trees, 1 manifold and controls.  The EPCI contract will be a combination of 
lump sum and reimbursable elements.  In addition, they will be installing the mooring system and 
buoy on a reimbursable basis. 

Petrofac Facilities Management Limited (PFML) 

Petrofac Facilities Management Limited and Schlumberger signed a co-operation agreement in 
January 2012

33
 and are ideally suited to be responsible for the well completions, electric submersible 

pumps and variable speed drives.  This will be on a reimbursable basis. 

8.4 Costs 

Development capital costs (Table 8.2) have been estimated based on FEED level engineering work 
performed by Petrofac Facilities Management Limited (wells completion), Bluewater (FPSO) and 
TechnipFMC (SURF/SPS).  It is being further refined as FEED engineering matures through to end 
Q1 2017, culminating in a sanction estimate based on firm and executable quotes from the involved 
vendors. 
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CAPEX (Base Case & Allowances) Total  ($MM) 

FEED and Surveys 9.1 

Well Ops 43.4 

FPSO upgrade 260.4 

FPSO Pre Ops 37.5 

SURF/SPS 87.8 

CAR Insurance 4.8 

Hurricane PMT 24.6 

Total 467.6 

Table 8.2 – EPS Development Capital Costs (including Allowances)
34

 

8.4.1 Risks 

Many of the normal project risks have been avoided in this project; for example. there is no drilling, 
the topsides will have minimal modifications and has been kept very simple – 3 stages of oil, gas and 
water separation with inter-stage coolers and the gas is flared.  There is no complex process 
equipment: gas dehydration and compression has been mothballed.   

The additional equipment is clustered in discrete packages such as the Variable Speed Drives for the 
ESP’s and the Fuel Gas Skid, which minimises brown field work (modifications to existing systems) 
which historically has led to more cost overruns than installing new equipment. 

Vessel Integrity 

The only risk of significant possible cost increase during the FPSO vessel upgrade relates to storage 
tank refurbishment.  It appears that the storage tanks have not yet been thoroughly inspected to 
determine what, if any, remedial work will be required.  However, this is not a major concern since 
Bluewater’s overall scope of tank repairs is defined – but not in terms of a fixed quantum of area.  It is 
Bluewater’s responsibility to repair and make good any defects/breakdown – and it is their risk if the 
quantum grows 

Bluewater’s scope of work calls for local repairs to coatings in the cargo tanks, ballast tanks and slop 
tanks to areas which are damaged/failing.  Hurricane has been informed that, in general, the tank 
coatings are in reasonable condition (based, RPS assumes, on class survey inspections), and that 
therefore complete re-coating is not warranted/required at this stage.   

RPS’ view is that until a detailed survey has been carried out and the results reviewed it is impossible 
to confirm that extensive refurbishment will not be required.  We agree that the costs are probably 
covered but if extensive repairs are required it may have an impact on the fast track schedule 

It is crucial that the vessel has the integrity to withstand a WOS environment and, in mitigation, the 
vessel was originally designed for Haltenbank conditions.  The boat will be 20 years old when it starts 
production, however we note that it has only been in service in the North Sea for approximately 
7 years. 

Wax 

From a flow assurance perspective Lancaster crude is relatively benign – low viscosity, 38° API and 
no corrosive components.  The only potential problem is the 18% Wt wax content of the crude.  Any 
flow assurance issues have been covered by substantial insulation on the subsea equipment, 
installing two separate subsea flowlines that can accommodate round trip pigging.  Initial pigging 
frequency is once every 6 weeks but will be a function of the performance of the selected wax 
inhibitor and production regime.  Insulated flowlines, risers and manifold piping will aid in reducing the 
operational pigging requirement.  The current assumption is that pigging would be carried out using a 
scraper pig which will clean out any wax that had built-up on the wall of the flowlines.  As an added 
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precaution, it is planned to inject wax inhibitor downhole – although this needs to be reviewed since it 
is one of the more expensive production chemicals and may not actually be required. 

The Lancaster reservoir temperature is around 56
o 

C and the bulk wax appearance temperature is 
between 33°

 
C and 37°

 
C.  Studies have shown that providing the flow per flowline is kept above 

6,000 stb/d the temperature is sufficient to ensure that no wax is deposited.   

Even if the subsea system was shutdown for a significant period reaching ambient temperature of 
around 4

o 
C, the ESPs are able to generate sufficient pressure to be able to flow and clean up the 

wells.  Therefore Hurricane’s assumption of reduced flow one day every 6 weeks is very conservative.  
Accordingly, RPS does not regard as wax an issue  

8.4.2 Discussion 

Hurricane’s approach to the Lancaster development appears reasonable given the remaining 
uncertainties associated with full field development.  They have correctly identified the potential risks 
to the full field development and have designed the EPS to address these by either eliminating the 
risk (if possible) or identifying mitigation measures. 

The basis of design is simple and well proven and has a good chance of success.  The contracting 
strategy both distributes the risk to parties that understand and are capable of handling that risk and 
are suitably incentivised to do so.  Common with many FPSO contracts, various provisions exist to 
protect the project schedule, budget and financial strength of the FPSO owner including but not 
limited to a Step-In clause which would allow Hurricane to find an alternative operator should it be 
required to mitigate these risks. 

All the main contractors (Bluewater, TechnipFMC, and PFML) are recognised as leading oil industry 
contractors and will be hungry for success in this low price environment. 

Senior Project Management team individuals have over 30 years’ experience, Middle Management 
over 15 years.  Current project manpower is 115 personnel. 

Rig and day rate have not yet been identified – discussions with suppliers are ongoing with the 
intention to contract by June 2017.  RPS considers that Hurricane are likely to achieve a very 
attractive price in the current oil and gas climate.  25% NPT is at the lower end of the range for 
running ESP completions generally and RPS would have expected more in the West of Shetland 
environment.  However, if they use an ‘over specified’ rig it is likely to have better performance in 
worse sea conditions. 

Rig rates are probably based on industry downturn.  This rate may well increase for future drilling and 
well maintenance work.  The initial 2 wells will be re-entered and completed on the same anchor 
pattern.  Drilling expenditure of US $43.4 MM is considered reasonable in this market. 

8.4.3 Operating Costs (Opex) 

RPS has reviewed the Hurricane estimate for the FPSO Opex and associated support costs and has 
agreed that they are reasonable for use in the economic analysis.  

The daily operating costs vary between $175,000 and $226,000 are made up of three elements: 

(i) FPSO bare boat contract rate  

(ii) Blue water O&M Opex estimate included in the Head of Terms
35

 

(iii) Other Production Opex based on Hurricane internal estimates derived from a number of 
sources including studies undertaken by Costain Upstream (2015). 

In addition, RPS agrees with Hurricane’s assumption of well workovers at a frequency of two wells 
worked over every three years at US $17.9MM per well. 
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8.4.4 Decommissioning Costs (Abex) 

RPS has estimated that the decommissioning costs associated with the EPS development are 
$45 MM.  The estimated costs assume decommissioning of the EPS development in accordance with 
current legislation and accepted best practise.  However we note that Hurricane’s decommissioning 
estimate is $32.7 MM, plus a likely contingency of 10%. 
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9. SUMMARY OF COMMERCIAL ASSUMPTIONS AND VALUATION 

9.1 General 

The effective date of this report is 1st January 2017 and this has been used as the discount date for 
the valuation of Hurricane’s working interest of 100% in the Lancaster EPS.  All values presented are 
post-tax and have been expressed over a range of discount rates, using mid-year discounting.  

The valuation is based purely on the viability of the Lancaster EPS project cashflows, excluding 
financing on the basis that Hurricane will have viable pre-project finance. 

An annual inflation rate of 2% has been assumed from 2018 onwards and is applied to both costs, 
where not contractually fixed, and revenues. 

An exchange rate of 1.35 US$ to UK£ in 2017, and a constant exchange rate of 1.4 US$ to UK£ in all 
subsequent years, was assumed. 

9.2 Price Assumptions 

9.2.1 Oil 

The price of Lancaster oil sales has been referenced to the RPS Base Price forecast for Brent of 
Q1 2017, which is shown in Table 9.1.  A Low Price Case and a High Price Case are also shown in 
Table 9.1 in Money of the Day (MoD) terms and have been used for price sensitivity purposes. 

Year 
Low Price Case 
(US$/stb, MoD) 

Base Price Case 
(US$/stb, MOD) 

High Price Case 
(US$/stb, MOD) 

2017 40.00 55.00 65.00 

2018 45.00 60.50 70.00 

2019 49.00 62.80 75.50 

2020 53.00 65.60 79.00 

2021 58.00 69.70 86.00 

2022 63.00 75.80 93.00 

2023 67.57 79.20 97.00 

2024 68.92 82.90 103.38 

2025 70.30 87.87 105.45 

2026 71.71 89.63 107.56 

2027 73.14 91.42 109.71 

2028 74.60 93.25 111.90 

2029 76.09 95.12 114.14 

2030 77.62 97.02 116.42 

2031 +2% p.a. +2% p.a. +2% p.a. 

Table 9.1 – RPS Brent Price Forecasts (Q1 2017) 

In 2011 RPS performed an initial crude valuation on the Lancaster crude oil based on an assay 
provided by Hurricane.  Following that first analysis, RPS conducted a price review using a full crude 
assay of the 205-21a-7 well by Intertek in December 2016.  The 2016 assay is remarkably similar to 
the 2011 assay, as seen in Table 9.2. 



RPS Energy  Hurricane Energy CPR 

ECV2210 51 May 2017 

 

Table 9.2 – Lancaster Crude Oil Assays 

Other than an Acidity of 0.50 mg KOH/g, the two samples are remarkably similar and so can be 
regarded as the same crude for estimation purposes.  Consequently, RPS argues that the 2011 
analysis remains valid and the calculated Lancaster crude differentials to Brent crude prices are still 
appropriate. 

RPS recommends that a number of additional discounts be applied to Lancaster crude on top of the 
quality discount to allow for discounts relating to a new crude, TAN, and sulphur content.  RPS has 
applied a total discount to Brent of -$4.5/bbl for Lancaster crude in the first year of production, 
followed by a total discount of -$4.0/bbl for all subsequent years.  The Lancaster Base Price forecast 
in MOD, assuming first oil production in January 2019, is shown in Table 9.3 with Low and High Price 
cases for valuation sensitivities. 
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Year 

Lancaster Low 
Price Case  

(US$/stb, MOD) 

Lancaster Base 
Price Case  

(US$/stb, MOD) 

Lancaster High 
Price Case  

(US$/stb, MOD) 

2017 35.50 50.50 60.50 

2018 40.50 56.00 65.50 

2019 44.50 58.30 71.00 

2020 49.00 61.60 75.00 

2021 54.00 65.70 82.00 

2022 59.00 71.80 89.00 

2023 63.57 75.20 93.00 

2024 64.92 78.90 99.38 

2025 66.30 83.87 101.45 

2026 67.71 85.63 103.56 

2027 69.14 87.42 105.71 

2028 70.60 89.25 107.90 

2029 72.09 91.12 110.14 

2030 73.62 93.02 112.42 

Table 9.3 – Lancaster Oil Price Forecast 

Hurricane has an agreement with BP to sell 100% of its crude oil from the Lancaster field delivered 
FOB at the FPSO, lasting for a period of six years from first commercial production or the marketing of 
55 MMbbl of Hurricane’s entitlement of Lancaster oil, whichever is later.  The FOB price includes a 
deduction for the marketing fee payable to BP.  For valuation purposes, RPS assumes the 
continuance of the agreement for the duration of the Lancaster EPS. 

9.2.2 Gas 

The draft Lancaster EPS FDP envisages that Lancaster gas production will be used for fuel 
requirements on the FPSO with any excess gas flared, and therefore, no value or additional cost has 
been ascribed to the associated gas production.  

9.3 Taxation 

UK petroleum activities are taxed within a concessionary tax system.  The current taxation is assumed 
to exist for the duration of the Lancaster EPS. 

Company profits from upstream oil and gas operations in the UK are subject to Corporation Tax (CT) 
at a rate of 30% and Supplementary Charge at a rate of 10%.  Both taxes are ring-fenced to upstream 
activities.  Capital and operating expenditures are allowed against both CT and SC as incurred once 
the company is in a tax paying position.  Abandonment and decommissioning costs are allowed at 
100% against CT and SC subject to there being sufficient taxable revenues in prior years.  

An Investment Allowance is available against the Supplementary Charge.  The allowance removes an 
amount equal to 62.5% of investment expenditure incurred by a company in relation to a field from its 
ring fence profits which are subject to the SC.  The UK Government is committed to extending the 
scope of the qualifying expenditure to operating costs incurred from 8

th
 October 2015, but this is yet to 

be enacted in the Finance Act.  The valuations do not include the benefit of Investment Allowance 
relating to operating costs. 

A ring fence expenditure supplement (RFES) is available for companies with no taxable income.  It 
can be claimed on all ring fence expenditure. It increases the value of unused expenditure carried 
forward from one period to another by a compound 10% a year.  RFES can be claimed in respect of 
not more than ten accounting periods, but these may not be consecutive.  Hurricane has not claimed 
RFES to date and so the utilisation of RFES has been included in the valuations. 
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9.3.1 Tax Losses 

Hurricane estimates of tax losses for both CT and SC at 1 January 2017 of $332 million were included 
as allowances to offset against future taxable profits of CT and SC. 

9.4 Summary of Valuation 

A summary of the valuation of Lancaster EPS is shown in Table 9.4. Forecast production from the two 
development EPS wells is economic beyond the EPS, but has been limited to the period of the EPS. 
Reserves and NPVs are therefore quoted to the end of December 2024, assuming first oil in January 
2019. Economic production beyond this point is considered as Contingent Resources, and has not 
been valued. 

Discount Rate: 

Post Tax Net Present Value 

Net Hurricane Share, (US$ Million, MOD) 
Reserves 

Limit
1
 0.00% 5.00% 7.50% 10.00% 12.50% 15.00% 

1P  605 416 342 279 224 177 2024 

2P  1,006 728 619 525 444 374 2024 

3P  1,492 1,093 937 803 689 589 2024 

1
 Limited to the Lancaster EPS draft FDP of six years, and the expiry of the first option period of the FPSO 

charter at 31 December 2024. 

Table 9.4 – Summary of NPVs of Reserves at RPS Base Price 

More detailed tables of production and cash flow in US$ can be found in Appendix A of this report. 
Sensitivity analyses relating to oil price and cost assumptions are providing in subsequent sections. 

9.4.1 Oil Price Sensitivities 

The valuation of the 2P Reserves cases has been tested at the RPS low and high price cases as 
given in Table 9.5 . 

Discount Rate: 

Post Tax Net Present Value 

Net Hurricane Share, (US$ Million, MOD) 
Reserves 

Limit
1
 0.00% 5.00% 7.50% 10.00% 12.50% 15.00% 

2P at Low Price                  758 518 424 345 277 219 2024 

2P at Base Price 1,006 728 619 525 444 374 2024 

2P at High Price  1,320 984 851 736 636 550 2024 
1
 Limited to the Lancaster EPS draft FDP of six years, and the expiry of the first option period of the FPSO 

charter at 31 December 2024. 

Table 9.5 – NPV Sensitivities to Oil Price 

9.4.2 Cost Sensitivities 

The sensitivity of the valuation of the 2P Reserves to changes in either operating cost or capex 
assumptions at 10% and 25% is depicted in Figure 9.1 and Figure 9.2. 
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Figure 9.1 – NPV(10) Tornado: Sensitivities to Costs (10% change) 

 

Figure 9.2 – NPV(10) Tornado: Sensitivities to Costs (25% change) 
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APPENDIX A: PRODUCTION FORECASTS AND CASHFLOWS 

 
 
 
 
 
 

SUMMARY OF RESERVES AND FORECAST FUTURE PRODUCTION

CASE PARAMETERS COMPANY INTERESTS

Company Hurricane Energy %

Country UK Hurricane Energy 100.00%

Field Lancaster EPS (6 Years)

Phase OIL

Reserves Category 1P

TECHNICAL RESERVES FORECAST FUTURE FIELD PRODUCTION (AFTER ECONOMIC CUT OFF)
Year Production  

Days

Gross Field Reserves (100% Basis) Gross Field Reserves (100% Basis) Hurricane Energy's WI share of 

Gross Field Reserves

Hurricane Energy's Net 

Entitlement Reserves

Cum. Cum. Cum. Cum.

bbl/d MM bbl MM bbl bbl/d MM bbl MM bbl bbl/d MM bbl MM bbl bbl/d MM bbl MM bbl

1 2017 365 0 0.00 0.00 0 0.0 0.00 0 0.00 0.00 0 0.00 0.00

2 2018 365 0 0.00 0.00 0 0.0 0.00 0 0.00 0.00 0 0.00 0.00

3 2019 365 16,000 5.84 5.84 16,000 5.8 5.84 16,000 5.84 5.84 16,000 5.84 5.84

4 2020 366 16,000 5.86 11.70 16,000 5.9 11.70 16,000 5.86 11.70 16,000 5.86 11.70

5 2021 365 11,200 4.09 15.78 11,200 4.1 15.78 11,200 4.09 15.78 11,200 4.09 15.78

6 2022 365 11,200 4.09 19.87 11,200 4.1 19.87 11,200 4.09 19.87 11,200 4.09 19.87

7 2023 365 11,200 4.09 23.96 11,200 4.1 23.96 11,200 4.09 23.96 11,200 4.09 23.96

8 2024 366 11,200 4.10 28.06 11,200 4.1 28.06 11,200 4.10 28.06 11,200 4.10 28.06

9 2025 365 11,200 4.09 32.15 0 0.0 28.06 0 0.00 28.06 0 0.00 28.06

10 2026 365 11,200 4.09 36.24 0 0.0 28.06 0 0.00 28.06 0 0.00 28.06

11 2027 365 11,200 4.09 40.32 0 0.0 28.06 0 0.00 28.06 0 0.00 28.06

12 2028 366 11,200 4.10 44.42 0 0.0 28.06 0 0.00 28.06 0 0.00 28.06

13 2029 365 11,200 4.09 48.51 0 0.0 28.06 0 0.00 28.06 0 0.00 28.06

14 2030 365 11,200 4.09 52.60 0 0.0 28.06 0 0.00 28.06 0 0.00 28.06

15 2031 365 11,200 4.09 56.69 0 0.0 28.06 0 0.00 28.06 0 0.00 28.06

16 2032 366 11,200 4.10 60.79 0 0.0 28.06 0 0.00 28.06 0 0.00 28.06

17 2033 365 11,200 4.09 64.87 0 0.0 28.06 0 0.00 28.06 0 0.00 28.06

18 2034 365 11,200 4.09 68.96 0 0.00 28.06 0 0.00 28.06 0 0.00 28.06

19 2035 365 11,200 4.09 73.05 0 0.00 28.06 0 0.00 28.06 0 0.00 28.06

20 2036 366 11,200 4.10 77.15 0 0.00 28.06 0 0.00 28.06 0 0.00 28.06

21 2037 365 11,200 4.09 81.24 0 0.00 28.06 0 0.00 28.06 0 0.00 28.06

22 2038 365 11,169 4.08 85.31 0 0.00 28.06 0 0.00 28.06 0 0.00 28.06

23 2039 365 0 0.00 85.31 0 0.00 28.06 0 0.00 28.06 0 0.00 28.06

24 2040 366 0 0.00 85.31 0 0.00 28.06 0 0.00 28.06 0 0.00 28.06

25 2041 365 0 0.00 85.31 0 0.00 28.06 0 0.00 28.06 0 0.00 28.06

Total 85.31 28.1 28.1 28.1  
 

Table A.1 – Lancaster EPS 1P Production Forecast 
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SUMMARY OF RESERVES AND FORECAST FUTURE PRODUCTION

CASE PARAMETERS COMPANY INTERESTS

Company Hurricane Energy %

Country UK Hurricane Energy 100.00%

Field Lancaster EPS (6 Years)

Phase OIL

Reserves Category 2P

TECHNICAL RESERVES FORECAST FUTURE FIELD PRODUCTION (AFTER ECONOMIC CUT OFF)
Year Production  

Days

Gross Field Reserves (100% Basis) Gross Field Reserves (100% Basis) Hurricane Energy's WI share of 

Gross Field Reserves

Hurricane Energy's Net 

Entitlement Reserves

Cum. Cum. Cum. Cum.

bbl/d MM bbl MM bbl bbl/d MM bbl MM bbl bbl/d MM bbl MM bbl bbl/d MM bbl MM bbl

1 2017 365 0 0.00 0.00 0 0.0 0.00 0 0.00 0.00 0 0.00 0.00

2 2018 365 0 0.00 0.00 0 0.0 0.00 0 0.00 0.00 0 0.00 0.00

3 2019 365 17,000 6.21 6.21 17,000 6.2 6.21 17,000 6.21 6.21 17,000 6.21 6.21

4 2020 366 17,000 6.22 12.43 17,000 6.2 12.43 17,000 6.22 12.43 17,000 6.22 12.43

5 2021 365 17,000 6.21 18.63 17,000 6.2 18.63 17,000 6.21 18.63 17,000 6.21 18.63

6 2022 365 17,000 6.21 24.84 17,000 6.2 24.84 17,000 6.21 24.84 17,000 6.21 24.84

7 2023 365 17,000 6.21 31.04 17,000 6.2 31.04 17,000 6.21 31.04 17,000 6.21 31.04

8 2024 366 17,000 6.22 37.26 17,000 6.2 37.26 17,000 6.22 37.26 17,000 6.22 37.26

9 2025 365 17,000 6.21 43.47 0 0.0 37.26 0 0.00 37.26 0 0.00 37.26

10 2026 365 17,000 6.21 49.67 0 0.0 37.26 0 0.00 37.26 0 0.00 37.26

11 2027 365 17,000 6.21 55.88 0 0.0 37.26 0 0.00 37.26 0 0.00 37.26

12 2028 366 17,000 6.22 62.10 0 0.0 37.26 0 0.00 37.26 0 0.00 37.26

13 2029 365 17,000 6.21 68.31 0 0.0 37.26 0 0.00 37.26 0 0.00 37.26

14 2030 365 17,000 6.21 74.51 0 0.0 37.26 0 0.00 37.26 0 0.00 37.26

15 2031 365 17,000 6.21 80.72 0 0.0 37.26 0 0.00 37.26 0 0.00 37.26

16 2032 366 17,000 6.22 86.94 0 0.0 37.26 0 0.00 37.26 0 0.00 37.26

17 2033 365 17,000 6.21 93.14 0 0.0 37.26 0 0.00 37.26 0 0.00 37.26

18 2034 365 17,000 6.21 99.35 0 0.00 37.26 0 0.00 37.26 0 0.00 37.26

19 2035 365 17,000 6.20 105.55 0 0.00 37.26 0 0.00 37.26 0 0.00 37.26

20 2036 366 17,000 6.22 111.78 0 0.00 37.26 0 0.00 37.26 0 0.00 37.26

21 2037 365 17,000 6.21 117.98 0 0.00 37.26 0 0.00 37.26 0 0.00 37.26

22 2038 365 16,953 6.19 124.17 0 0.00 37.26 0 0.00 37.26 0 0.00 37.26

23 2039 365 0 0.00 124.17 0 0.00 37.26 0 0.00 37.26 0 0.00 37.26

24 2040 366 0 0.00 124.17 0 0.00 37.26 0 0.00 37.26 0 0.00 37.26

25 2041 365 0 0.00 124.17 0 0.00 37.26 0 0.00 37.26 0 0.00 37.26

Total 124.17 37.3 37.3 37.3  
 

Table A.2 – Lancaster EPS 2P Production Forecast  
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SUMMARY OF RESERVES AND FORECAST FUTURE PRODUCTION

CASE PARAMETERS COMPANY INTERESTS

Company Hurricane Energy %

Country UK Hurricane Energy 100.00%

Field Lancaster EPS (6 Years)

Phase OIL

Reserves Category 3P

TECHNICAL RESERVES FORECAST FUTURE FIELD PRODUCTION (AFTER ECONOMIC CUT OFF)
Year Production  

Days

Gross Field Reserves (100% Basis) Gross Field Reserves (100% Basis) Hurricane Energy's WI share of 

Gross Field Reserves

Hurricane Energy's Net 

Entitlement Reserves

Cum. Cum. Cum. Cum.

bbl/d MM bbl MM bbl bbl/d MM bbl MM bbl bbl/d MM bbl MM bbl bbl/d MM bbl MM bbl

1 2017 365 0 0.00 0.00 0 0.0 0.00 0 0.00 0.00 0 0.00 0.00

2 2018 365 0 0.00 0.00 0 0.0 0.00 0 0.00 0.00 0 0.00 0.00

3 2019 365 18,000 6.57 6.57 18,000 6.6 6.57 18,000 6.57 6.57 18,000 6.57 6.57

4 2020 366 18,000 6.59 13.16 18,000 6.6 13.16 18,000 6.59 13.16 18,000 6.59 13.16

5 2021 365 18,000 6.57 19.73 18,000 6.6 19.73 18,000 6.57 19.73 18,000 6.57 19.73

6 2022 365 27,000 9.86 29.58 27,000 9.9 29.58 27,000 9.86 29.58 27,000 9.86 29.58

7 2023 365 27,000 9.86 39.44 27,000 9.9 39.44 27,000 9.86 39.44 27,000 9.86 39.44

8 2024 366 27,000 9.88 49.32 27,000 9.9 49.32 27,000 9.88 49.32 27,000 9.88 49.32

9 2025 365 27,000 9.86 59.18 0 0.0 49.32 0 0.00 49.32 0 0.00 49.32

10 2026 365 27,000 9.86 69.03 0 0.0 49.32 0 0.00 49.32 0 0.00 49.32

11 2027 365 27,000 9.86 78.89 0 0.0 49.32 0 0.00 49.32 0 0.00 49.32

12 2028 366 27,000 9.88 88.77 0 0.0 49.32 0 0.00 49.32 0 0.00 49.32

13 2029 365 27,000 9.86 98.62 0 0.0 49.32 0 0.00 49.32 0 0.00 49.32

14 2030 365 27,000 9.85 108.48 0 0.0 49.32 0 0.00 49.32 0 0.00 49.32

15 2031 365 27,000 9.85 118.33 0 0.0 49.32 0 0.00 49.32 0 0.00 49.32

16 2032 366 27,000 9.88 128.21 0 0.0 49.32 0 0.00 49.32 0 0.00 49.32

17 2033 365 27,000 9.85 138.07 0 0.0 49.32 0 0.00 49.32 0 0.00 49.32

18 2034 365 27,000 9.86 147.92 0 0.00 49.32 0 0.00 49.32 0 0.00 49.32

19 2035 365 27,000 9.85 157.78 0 0.00 49.32 0 0.00 49.32 0 0.00 49.32

20 2036 366 27,000 9.88 167.66 0 0.00 49.32 0 0.00 49.32 0 0.00 49.32

21 2037 365 27,000 9.85 177.52 0 0.00 49.32 0 0.00 49.32 0 0.00 49.32

22 2038 365 26,926 9.83 187.34 0 0.00 49.32 0 0.00 49.32 0 0.00 49.32

23 2039 365 0 0.00 187.34 0 0.00 49.32 0 0.00 49.32 0 0.00 49.32

24 2040 366 0 0.00 187.34 0 0.00 49.32 0 0.00 49.32 0 0.00 49.32

25 2041 365 0 0.00 187.34 0 0.00 49.32 0 0.00 49.32 0 0.00 49.32

Total 187.34 49.3 49.3 49.3  

 

Table A.3 – Lancaster EPS 3P Production Forecast 
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CASH  FLOW SUMMARY NET

CASE PARAMETERS COMPANY INTERESTS

Lancaster EPS (6 Years)100.00%

Company Hurricane Energy

Country UK

Field Lancaster EPS (6 Years)

Reserves Category 1P

PRODUCTION REVENUE COSTS PRE & POST TAX CASHFLOWS

Year

Production  

Days Oil Oil Oil Total Capex Opex

Abandon

ment Pre-Tax CF CT & SC Post -Tax CF DCF 10%

Mstb/d MMstb $MM $MM $MM $MM $MM $MM $MM $MM $MM

1 2017 365 0.0 0.0 0.0 0.0 169.5 0.0 0.0 -169.5 0.0 -169.5 -161.6

2 2018 365 0.0 0.0 0.0 0.0 298.5 0.0 0.0 -298.5 0.0 -298.5 -258.7

3 2019 365 16.0 5.8 338.7 338.7 0.0 104.3 0.0 234.5 0.0 234.5 184.8

4 2020 366 16.0 5.9 359.0 359.0 0.0 107.4 0.0 251.6 0.0 251.6 180.2

5 2021 365 11.2 4.1 267.5 267.5 0.0 154.4 0.0 113.1 0.0 113.1 73.6

6 2022 365 11.2 4.1 292.9 292.9 0.0 119.2 0.0 173.7 0.0 173.7 102.8

7 2023 365 11.2 4.1 306.8 306.8 0.0 121.7 0.0 185.1 0.0 185.1 99.6

8 2024 366 11.2 4.1 322.8 322.8 0.0 165.5 0.0 157.3 0.0 157.3 77.0

9 2025 365 0.0 0.0 0.0 0.0 0.0 0.0 42.1 -42.1 0.0 -42.1 -18.7

10 2026 365 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

11 2027 365 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

12 2028 366 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

13 2029 365 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

14 2030 365 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

15 2031 365 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

16 2032 366 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

17 2033 365 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

18 2034 365 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

19 2035 365 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

20 2036 366 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

21 2037 365 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

22 2038 365 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

23 2039 365 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

24 2040 366 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

25 2041 365 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Total 28.1 28.1 1887.7 1887.7 468.0 772.6 42.1 605.0 0.0 605.0 278.9  

 

Table A.4 – Lancaster EPS 1P Cash Flow Forecast 
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CASH  FLOW SUMMARY NET

CASE PARAMETERS COMPANY INTERESTS

Lancaster EPS (6 Years)100.00%

Company Hurricane Energy

Country UK

Field Lancaster EPS (6 Years)

Reserves Category 2P

PRODUCTION REVENUE COSTS PRE & POST TAX CASHFLOWS

Year

Production  

Days Oil Oil Oil Total Capex Opex

Abandon

ment Pre-Tax CF CT & SC Post -Tax CF DCF 10%

Mstb/d MMstb $MM $MM $MM $MM $MM $MM $MM $MM $MM

1 2017 365 0.0 0.0 0.0 0.0 169.5 0.0 0.0 -169.5 0.0 -169.5 -161.6

2 2018 365 0.0 0.0 0.0 0.0 298.5 0.0 0.0 -298.5 0.0 -298.5 -258.7

3 2019 365 17.0 6.2 359.9 359.9 0.0 106.2 0.0 253.7 0.0 253.7 199.9

4 2020 366 17.0 6.2 381.4 381.4 0.0 109.4 0.0 272.0 0.0 272.0 194.8

5 2021 365 17.0 6.2 406.4 406.4 0.0 165.5 0.0 240.9 0.0 240.9 156.9

6 2022 365 17.0 6.2 444.6 444.6 0.0 131.4 0.0 313.2 0.0 313.2 185.4

7 2023 365 17.0 6.2 465.7 465.7 0.0 134.4 0.0 331.2 65.7 265.5 142.9

8 2024 366 17.0 6.2 490.0 490.0 0.0 178.9 0.0 311.1 115.8 195.3 95.5

9 2025 365 0.0 0.0 0.0 0.0 0.0 0.0 42.1 -42.1 30.2 -72.4 -32.2

10 2026 365 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 -5.6 5.6 2.3

11 2027 365 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

12 2028 366 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

13 2029 365 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

14 2030 365 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

15 2031 365 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

16 2032 366 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

17 2033 365 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

18 2034 365 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

19 2035 365 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

20 2036 366 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

21 2037 365 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

22 2038 365 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

23 2039 365 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

24 2040 366 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

25 2041 365 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Total 37.3 37.3 2547.9 2547.9 468.0 825.8 42.1 1211.9 206.2 1005.7 525.2  

 

Table A.5 – Lancaster EPS 2P Cash Flow Forecast 
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CASH  FLOW SUMMARY NET

CASE PARAMETERS COMPANY INTERESTS

Lancaster EPS (6 Years)100.00%

Company Hurricane Energy

Country UK

Field Lancaster EPS (6 Years)

Reserves Category 3P

PRODUCTION REVENUE COSTS PRE & POST TAX CASHFLOWS

Year

Production  

Days Oil Oil Oil Total Capex Opex

Abandon

ment Pre-Tax CF CT & SC Post -Tax CF DCF 10%

Mstb/d MMstb $MM $MM $MM $MM $MM $MM $MM $MM $MM

1 2017 365 0.0 0.0 0.0 0.0 169.5 0.0 0.0 -169.5 0.0 -169.5 -161.6

2 2018 365 0.0 0.0 0.0 0.0 298.5 0.0 0.0 -298.5 0.0 -298.5 -258.7

3 2019 365 18.0 6.6 381.1 381.1 0.0 108.1 0.0 273.0 0.0 273.0 215.1

4 2020 366 18.0 6.6 403.8 403.8 0.0 111.5 0.0 292.4 0.0 292.4 209.5

5 2021 365 18.0 6.6 430.4 430.4 0.0 167.4 0.0 263.0 0.0 263.0 171.3

6 2022 365 27.0 9.9 706.1 706.1 0.0 152.3 0.0 553.8 61.7 492.1 291.3

7 2023 365 27.0 9.9 739.6 739.6 0.0 156.4 0.0 583.3 186.4 396.9 213.6

8 2024 366 27.0 9.9 778.2 778.2 0.0 202.0 0.0 576.2 231.4 344.8 168.7

9 2025 365 0.0 0.0 0.0 0.0 0.0 0.0 42.1 -42.1 65.6 -107.7 -47.9

10 2026 365 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 -5.6 5.6 2.3

11 2027 365 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

12 2028 366 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

13 2029 365 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

14 2030 365 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

15 2031 365 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

16 2032 366 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

17 2033 365 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

18 2034 365 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

19 2035 365 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

20 2036 366 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

21 2037 365 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

22 2038 365 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

23 2039 365 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

24 2040 366 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

25 2041 365 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Total 49.3 49.3 3439.2 3439.2 468.0 897.6 42.1 2031.5 539.5 1491.9 803.4  

 

Table A.6 – Lancaster EPS 3P Cash Flow Forecast 
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APPENDIX B: GLOSSARY OF TERMS AND ABBREVIATIONS 

1C denotes a low estimate scenario of Contingent Resources 

2C denotes a best estimate scenario of Contingent Resources 

3C denotes a high estimate scenario of Contingent Resources 

2D seismic seismic data acquired in a single traverse or series of traverses. 2D 
seismic data provides single cross sections 

3D seismic seismic data acquired as multiple, closely spared traverses.  3D seismic 
data typically provides a more detailed and accurate image of the 
subsurface than 2D seismic 

Abex Decommissioning costs 

Aggregation The process of summing reservoir (or project) level estimates of resource 
quantities to higher levels or combinations such as field, country or 
company totals. Arithmetic summation may yield different results from 
probabilistic aggregations of distributions 

API American Petroleum Institute 

appraisal the phase of petroleum operations immediately following a successful 
discovery.  Appraisal is carried out to determine size, production rate and 
the most efficient development of a field 

appraisal well a well drilled as part of an appraisal of a field 

asl above sea level 

B billion 

bbl(s) barrels 

bbls/d barrels per day 

Bcm billion cubic metres 

block term commonly used to describe areas over which there is a petroleum 
or production licence 

Bg gas formation volume factor 

Bgi gas formation volume factor (initial) 

Bo oil formation volume factor 

Boi oil formation volume factor (initial) 

Bw water volume factor 

boe Barrels of oil equivalent. Converting gas volumes to oil equivalent is 
customarily done on the basis of the nominal heating content or calorific 
value of the fuel. Before aggregating, the gas volumes must be converted 
to the same temperature and pressure. Common industry gas conversion 
factors usually range between 1 barrel of oil equivalent = 5,600 scf of gas 
to 6,000 scf of gas 

bopd barrels of oil per day 

BS&W basic sediment and water 

BTU British Thermal Unit 

Bscf billions of standard cubic feet 

Bw/d barrels of water per day 

Capex Capital Expenditure 

charge or migration the movement of hydrocarbons from source rocks into reservoir rocks.  
Migration can be local or can occur along distances of hundreds of 
kilometres in large sedimentary basins, and is critical to a viable 
petroleum system 

closure the height from the apex of a reservoir structure to the lowest contour that 
contains the reservoir structure (spill).  Measurements of both the areal 
closure and the distance from the apex to the lowest closing contour are 
typically used for the calculations of the estimates hydrocarbon content of 
a trap 
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CO2 Carbon dioxide 

commercial 
discovery 

discovery of oil and gas which the Company determines to be 
commercially viable for appraisal and development 

condensate liquid hydrocarbons which are sometimes produced with natural gas and 
liquids derived from natural gas 

CGR Condensate Gas Ratio 

Contingent 
Resources 

those quantities of petroleum estimated, as of a given date, to be 
potentially recoverable from known accumulations by application of 
development projects, but which are not currently considered to be 
commercially recoverable due to one or more contingencies 

Conventional Conventional resources are defined as hydrocarbons above a mapped 
structural closure. 

cP centipoise 

Cretaceous the final period of the Mesozoic era ranging from approximately 65 to 144 
million years ago 

CROCK rock compressibility 

CT Corporation Tax 

Cw water compressibility 

DBA decibels 

Decommission or 
decommissioning 

the process or the procedure by which the facilities and the infrastructure 
related to the production of hydrocarbon from an oil field are demobilised 
and abandoned 

deepwater any area of water over 250m in depth 

dip the angle at which a rock stratum or structure is inclined from the 
horizontal 

discovery an exploration well which has encountered oil and gas for the first time in 
a structure 

drilling campaign a period of time in which drilling activities are performed 

dry well a well which does not encounter hydrocarbons in economically 
producible quantities 

DST drill stem test 

Decommissioning 
charge 

cost of charge associated with decommission procedures 

DP dynamic positioning 

E&P exploration and production 

Ea areal sweep efficiency 

ELT Economic Limit Test 

EMV Expected Monetary Value 

Eocene the epoch after the Palaeocene and before the Oligocene in the Tertiary 
period from approximately 55.8 million to 33.9 million years ago 

ESD emergency shut down 

ESP Electric Submersible Pump 

EUR Estimated Ultimate Recovery (Technically Recoverable pre-ELT) 

Evert vertical sweep efficiency 

exploration the phase of operations which covers the search for oil or gas by carrying 
out detailed geological and geophysical surveys followed up where 
appropriate by exploratory drilling 

exploration drilling drilling carried out to determine whether oil and gas are present in a 
particular area or structure 

exploration well a well in an unproven area or prospect, may also be known as a "wildcat 
well" 

facies sedimentological description of rock 
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farmout a term used to describe when a company sells a portion of the acreage in 
a block to another company, usually in return for consideration and for 
the buying company taking on a portion of the selling company's work 
commitments 

FBHP flowing bottom hole pressure 

FEED front end engineering design 

field a geographical area under which either a single oil or gas reservoir or 
multiple oil or gas reservoirs lie, all grouped on or related to the same 
individual geological structure feature and/or stratigraphic condition 

formation a body of rock identified by lithic characteristics and stratigraphic position 
which is mappable at the earth's surface or traceable in the subsurface 

FPSO Floating Production Storage and Offloading 

FTHP flowing tubing head pressure 

ft feet 

ftSS depth in feet below sea level 

GDT Gas Down To 

geophysical geophysical exploration is concerned with measuring the earth's physical 
properties to delineate structure, rock type and fluid content – these 
measurements include electrical, seismic, gravity and magnetics 

GIP Gas in Place 

GIIP Gas Initially in Place 

GOR gas/oil ratio 

GPoS Geological Possibility of Success 

GRV gross rock volume 

GWC gas water contact 

H2S Hydrogen sulphide 

HIC hydrogen induced cracking 

HPU Hydraulic Power Unit 

hydrocarbon a compound containing only the elements hydrogen and carbon.  May 
exist as a solid, a liquid or a gas.  The term describes any combination of 
oil, gas and/or condensate 

ICCS Integrated Control Safety System 

infrastructure oil and gas processing, transportation and off-take facilities 

Jurassic referring to a geological period of the Mesozoic Era from approximately 
199 million to 145 million years ago 

IRR internal rate of return 

KB Kelly Bushing 

ka absolute permeability 

kh horizontal permeability 

km kilometres 

km
2
 square kilometres 

kPa kilopascals 

kr relative permeability 

krg relative permeability of gas 

krgcl relative permeability of gas @ connate liquid saturation 

krog relative permeability of oil-gas 

kroso relative permeability at residual oil saturation 

kroswi relative permeability to oil @ connate water saturation 

kv vertical permeability 

licence an exclusive right to explore for petroleum, usually granted by a national 
governing body 
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licence area the area covered by a licence 

m metre 

M thousand 

MM million 

MMbbl million barrels 

MMboe million barrels of oil equivalent 

MMstb million stock tank barrels 

M$ thousand US dollars 

MM$ million US dollars 

MD measured depth 

mD permeability in millidarcies 

m
3
 cubic metres 

m
3
/d cubic metres per day 

MMscf/d millions of standard cubic feet per day 

m/s metres per second 

msec milliseconds 

mV millivolts 

Mt thousands of tonnes 

MMt millions of tonnes 

MOD Money of the Day 

MPa mega pascals 

MPFM multiphase flowmeters 

natural gas gas, predominantly methane, occurring naturally, and often found in 
association with crude petroleum 

NGL Natural Gas Liquids 

NPT Non Productive Time 

NTG net to gross ratio 

offshore that geographical area that lies seaward of the coastline 

OE Operating Efficiency 

OGA UK Oil & Gas Authority 

oil a mixture of liquid hydrocarbons of different molecular weight 

oil field the mapped distribution of a proven oil-bearing reservoir or reservoirs 

Oligocene the epoch after the Eocene and before the Miocene in the Tertiary period 
approximately from 34 million to 23 million years ago 

onshore that geographic area that lies landward of the coastline 

operator the company that has legal authority to drill wells and undertake 
production of oil and gas.  The operator is often part of a consortium and 
acts on behalf of this consortium 

Opex Operating Expenditure 

OWC oil water contact 

P90 denotes a scenario which has at least a 90% probability of occurring 

P50 denotes a scenario which has at least a 50% probability of occurring 

P10 denotes a scenario which has at least a 10% probability of occurring 

participating interests the proportion of exploration and production costs each party will bear 
and the proportion of production each party will receive, as set out in an 
operating agreement 

Pb bubble point pressure 

Pc capillary pressure 
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petroleum 
A generic name for oil and gas, including crude oil, natural gas liquids, 
natural gas and their products 

petroleum system Geologic components and processes necessary to generate and store 
hydrocarbons, including a mature source rock, migration pathway, 
reservoir rock, trap and seal 

PFML Petrofac Facilities Management Limited 

phase a distinct state of matter in a system, e.g. liquid phase or gas phase 

phi porosity fraction 

pi initial reservoir pressure 

PI productivity index 

Play a conceptual model for a style of hydrocarbon accumulation 

PLEM Pipeline end manifold 

ppm parts per million 

Probable Reserves reserves which, based on the available evidence and taking into account 
technical and economic factors, have at least a 50 per cent. chance of 
being produced 

PLT Production Logging Tool 

prospect an indentified trap that may contain hydrocarbons.  A potential 
hydrocarbon accumulation may be described as a lead or prospect 
depending on the degree of certainty in that accumulation.  A prospect is 
generally mature enough to be considered for drilling 

Prospective 
Resources 

those quantities of petroleum which are estimated, on a given date, to be 
potentially recoverable from undiscovered accumulations 

prospectivity the likelihood of an area to contain potential hydrocarbon accumulations, 
i.e. prospects 

Proved Reserves reserves which, based on the available evidence and taking into account 
technical and economic factors, have at least a 90 per cent chance of 
being produced 

psi pounds per square inch 

psia pounds per square inch absolute 

psig pounds per square inch gauge 

pwf flowing bottom hole pressure 

PVT pressure volume temperature 

rb barrel(s) of oil at reservoir conditions 

rcf reservoir cubic feet 

Reserves those quantities of petroleum which are anticipated to be commercially 
recoverable by application of development projects to known 
accumulations from a given date forward under defined conditions, 
reference should be made to the full PRMS definitions for the complete 
definitions and guidelines 

reservoir an underground porous and permeable formation where oil and gas has 
accumulated 

Resources Contingent and Prospective Resources, unless otherwise specified 

RFES Ring Fence Expenditure Supplement 

RFT repeat formation tester 

RKB relative to kelly bushing 

rm
3
 reservoir cubic metres 

ROP Rate of Penetration (drilling) 

SCADA supervisory control and data acquisition 

SCAL Special Core Analysis 

SCS Subsea Control System 

scf standard cubic feet measured at 14.7 pounds per square inch and 60° F 
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scf/d standard cubic feet per day 

scf/stb standard cubic feet per stock tank barrel 

seal a relatively impermeable rock, commonly shale, anhydrite or salt, that 
forms a barrier or cap above and around reservoir rock such that fluids 
cannot migrate beyond the reservoir.  A seal is a critical component of a 
complete petroleum system 

seismic survey a method by which an image of the earth's subsurface is created through 
the generation of shockwaves and analysis of their reflection from rock 
strata 

SGS Sequential Gaussion Simulation 

SIS Sequential Indicator Simulation 

sm
3
 standard cubic metres 

So oil saturation 

Sor residual oil saturation 

Sorw residual oil saturation (waterflood) 

Swc connate water saturation 

Soi irreducible oil saturation 

source characteristic of organic-rich rocks to contain the precursors to oil and 
gas, such that the type and quality of expelled hydrocarbon can be 
assessed 

source potential characteristic of a rock formation to constitute a source of oil and gas 

source rock a rock rich in organic matter which, if given the right conditions, will 
generate oil or gas.  Typical source rocks, usually shales or limestones, 
contain at least 0.5 per cent total organic carbon (TOC), although a rich 
source rock might have as much as 10 per cent organic matter.  Access 
to a working source rock is necessary for a complete petroleum system 

SPS Subsea Production System 

sq km square kilometre 

SSCC sulphur stress corrosion cracking 

stb stock tank barrels measured at 14.7 pounds per square inch and 60° F 

stb/d stock tank barrels per day 

STOIIP stock tank oil initially in place 

SURF Subsea umbilicals, risers and flowlines 

Sw water saturation 

$ United States Dollars 

t tonnes 

Tertiary the Tertiary Period is a geological period from approximately 65 million to 
2.5 million years ago 

THP tubing head pressure 

TMS turret mooring system 

trap A configuration of rocks suitable for containing hydrocarbons and sealed 
by a relatively impermeable formation through which hydrocarbons will 
not migrate.  Traps are described as structural traps (in deformed strata 
such as folds and faults) or stratigraphic traps (in areas where rock types 
change, such as unconformities, pinch outs and reefs).  A trap is an 
essential component of a petroleum system 

Tscf trillion standard cubic feet 

TVDSS true vertical depth (sub-sea) 

TVT true vertical thickness 

TWT two-way time 
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Unconventional Unconventional intervals are those below structural closure in which 
hydrocarbons have been demonstrated to be present or considered to be 
present 

US$ United States Dollar 

UTA umbilical termination assembly 

Vsh shale volume 

W/m/K watts/metre/° K 

WC water cut 

WGIIP Wet Gas Initially in Place 

WOSPS PLEM West of Shetland Pipeline System; Pipeline End Manifold 

WOW Waiting on weather 

WUT Water Up To 

 porosity 

 viscosity 

gb viscosity of gas 

ob viscosity of oil 

w viscosity of water 
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APPENDIX C: SPE/WPC/AAPG/SPEE RESERVE/RESOURCE DEFINITIONS 

(Extracts from Petroleum Resources Management System 2007
36

, Source: Society of Petroleum 
Engineers.  See website for a glossary of terms) 

The estimation of petroleum resource quantities involves the interpretation of volumes and values that 
have an inherent degree of uncertainty. These quantities are associated with development projects at 
various stages of design and implementation. Use of a consistent classification system enhances 
comparisons between projects, groups of projects, and total company portfolios according to forecast 
production profiles and recoveries. Such a system must consider both technical and commercial 
factors that impact the project’s economic feasibility, its productive life, and its related cash flows 

Petroleum Resources Classification Framework 

Petroleum is defined as a naturally occurring mixture consisting of hydrocarbons in the gaseous, 
liquid, or solid phase. Petroleum may also contain non-hydrocarbons, common examples of which are 
carbon dioxide, nitrogen, hydrogen sulfide and sulfur. In rare cases, non-hydrocarbon content could 
be greater than 50%. 

The term “resources” as used herein is intended to encompass all quantities of petroleum naturally 
occurring on or within the Earth’s crust, discovered and undiscovered (recoverable and 
unrecoverable), plus those quantities already produced. Further, it includes all types of petroleum 
whether currently considered “conventional” or “unconventional.” 

Figure C.1 is a graphical representation of the SPE/WPC/AAPG/SPEE resources classification 
system. The system defines the major recoverable resources classes: Production, Reserves, 
Contingent Resources, and Prospective Resources, as well as Unrecoverable petroleum. 

 

                                                      
36

 http://www.spe.org/industry/docs/Petroleum_Resources_Management_System_2007.pdf 
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Figure C.1 – Resources Classification Framework 

 

The “Range of Uncertainty” reflects a range of estimated quantities potentially recoverable from an 
accumulation by a project, while the vertical axis represents the “Chance of Commerciality”, that is, 
the chance that the project that will be developed and reach commercial producing status. The 
following definitions apply to the major subdivisions within the resources classification:  

TOTAL PETROLEUM INITIALLY-IN-PLACE is that quantity of petroleum that is estimated 
to exist originally in naturally occurring accumulations. It includes that quantity of petroleum 
that is estimated, as of a given date, to be contained in known accumulations prior to 
production plus those estimated quantities in accumulations yet to be discovered (equivalent 
to “total resources”). 

DISCOVERED PETROLEUM INITIALLY-IN-PLACE is that quantity of petroleum that is 
estimated, as of a given date, to be contained in known accumulations prior to production.  

PRODUCTION is the cumulative quantity of petroleum that has been recovered at 
a given date. While all recoverable resources are estimated and production is 
measured in terms of the sales product specifications, raw production (sales plus 
non-sales) quantities are also measured and required to support engineering 
analyses based on reservoir voidage. 

Multiple development projects may be applied to each known accumulation, and each project will 
recover an estimated portion of the initially-in-place quantities. The projects shall be subdivided into 
Commercial and Sub-Commercial, with the estimated recoverable quantities being classified as 
Reserves and Contingent Resources respectively, as defined below. 

RESERVES are those quantities of petroleum anticipated to be commercially 
recoverable by application of development projects to known accumulations from a 
given date forward under defined conditions. Reserves must further satisfy four 
criteria: they must be discovered, recoverable, commercial, and remaining (as of 
the evaluation date) based on the development project(s) applied. Reserves are 
further categorized in accordance with the level of certainty associated with the 
estimates and may be sub-classified based on project maturity and/or 
characterized by development and production status. 

CONTINGENT RESOURCES are those quantities of petroleum estimated, as of a 
given date, to be potentially recoverable from known accumulations, but the 
applied project(s) are not yet considered mature enough for commercial 
development due to one or more contingencies. Contingent Resources may 
include, for example, projects for which there are currently no viable markets, or 
where commercial recovery is dependent on technology under development, or 
where evaluation of the accumulation is insufficient to clearly assess 
commerciality. Contingent Resources are further categorized in accordance with 
the level of certainty associated with the estimates and may be subclassified 
based on project maturity and/or characterized by their economic status. See 
section Project Maturity Sub-classes. 

UNDISCOVERED PETROLEUM INITIALLY-IN-PLACE is that quantity of petroleum 
estimated, as of a given date, to be contained within accumulations yet to be discovered. 

PROSPECTIVE RESOURCES are those quantities of petroleum estimated, as of 
a given date, to be potentially recoverable from undiscovered accumulations by 
application of future development projects. Prospective Resources have both an 
associated chance of discovery and a chance of development. Prospective 
Resources are further subdivided in accordance with the level of certainty 
associated with recoverable estimates assuming their discovery and development 
and may be sub-classified based on project maturity. 

UNRECOVERABLE is that portion of Discovered or Undiscovered Petroleum Initially-in-
Place quantities which is estimated, as of a given date, not to be recoverable by future 
development projects. A portion of these quantities may become recoverable in the future as 
commercial circumstances change or technological developments occur; the remaining 
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portion may never be recovered due to physical/chemical constraints represented by 
subsurface interaction of fluids and reservoir rocks. 

Estimated Ultimate Recovery (EUR) is not a resources category, but a term that may be applied to 
any accumulation or group of accumulations (discovered or undiscovered) to define those quantities 
of petroleum estimated, as of a given date, to be potentially recoverable under defined technical and 
commercial conditions plus those quantities already produced (total of recoverable resources). 

In specialized areas, such as basin potential studies, alternative terminology has been used; the total 
resources may be referred to as Total Resource Base or Hydrocarbon Endowment. Total recoverable 
or EUR may be termed Basin Potential. The sum of Reserves, Contingent Resources, and 
Prospective Resources may be referred to as “remaining recoverable resources.” When such terms 
are used, it is important that each classification component of the summation also be provided. 
Moreover, these quantities should not be aggregated without due consideration of the varying 
degrees of technical and commercial risk involved with their classification. 

Range of Uncertainty 

The range of uncertainty of the recoverable and/or potentially recoverable volumes may be 
represented by either deterministic scenarios or by a probability distribution. When the range of 
uncertainty is represented by a probability distribution, a low, best, and high estimate shall be 
provided such that:  

 There should be at least a 90% probability (P90) that the quantities actually recovered will 
equal or exceed the low estimate. 

 There should be at least a 50% probability (P50) that the quantities actually recovered will 
equal or exceed the best estimate. 

 There should be at least a 10% probability (P10) that the quantities actually recovered will 
equal or exceed the high estimate. 

When using the deterministic scenario method, typically there should also be low, best, and high 
estimates, where such estimates are based on qualitative assessments of relative uncertainty using 
consistent interpretation guidelines. Under the deterministic incremental (risk-based) approach, 
quantities at each level of uncertainty are estimated discretely and separately. 

Reserves Categories 

The following summarizes the definitions for each Reserves category in terms of both the 
deterministic incremental approach and scenario approach and also provides the probability criteria if 
probabilistic methods are applied.  

 Proved Reserves are those quantities of petroleum, which, by analysis of geoscience and 
engineering data, can be estimated with reasonable certainty to be commercially recoverable, 
from a given date forward, from known reservoirs and under defined economic conditions, 
operating methods, and government regulations. If deterministic methods are used, the term 
reasonable certainty is intended to express a high degree of confidence that the quantities will 
be recovered. If probabilistic methods are used, there should be at least a 90% probability 
that the quantities actually recovered will equal or exceed the estimate.  

 Probable Reserves are those additional Reserves which analysis of geoscience and 
engineering data indicate are less likely to be recovered than Proved Reserves but more 
certain to be recovered than Possible Reserves. It is equally likely that actual remaining 
quantities recovered will be greater than or less than the sum of the estimated Proved plus 
Probable Reserves (2P). In this context, when probabilistic methods are used, there should 
be at least a 50% probability that the actual quantities recovered will equal or exceed the 2P 
estimate. 

 Possible Reserves are those additional reserves which analysis of geoscience and 
engineering data suggest are less likely to be recoverable than Probable Reserves. The total 
quantities ultimately recovered from the project have a low probability to exceed the sum of 
Proved plus Probable plus Possible (3P) Reserves, which is equivalent to the high estimate 
scenario. In this context, when probabilistic methods are used, there should be at least a 10% 
probability that the actual quantities recovered will equal or exceed the 3P estimate.  
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Use of consistent terminology (Figure C.1) promotes clarity in communication of evaluation results. 
For Reserves, the general cumulative terms low/best/high estimates are denoted as 1P/2P/3P, 
respectively. The associated incremental quantities are termed Proved, Probable and Possible. 
Reserves are a subset of, and must be viewed within context of, the complete resources classification 
system. While the categorization criteria are proposed specifically for Reserves, in most cases, they 
can be equally applied to Contingent and Prospective Resources conditional upon their satisfying the 
criteria for discovery and/or development. 

For Contingent Resources, the general cumulative terms low/best/high estimates are denoted as 
1C/2C/3C respectively. For Prospective Resources, the general cumulative terms low/best/high 
estimates still apply. No specific terms are defined for incremental quantities within Contingent and 
Prospective Resources. 

Project Maturity Sub-classes 

As illustrated in Figure C.2, development projects (and their associated recoverable quantities) may 
be sub-classified according to project maturity levels and the associated actions (business decisions) 
required to move a project toward commercial production.  

 

Figure C.2 – Sub-classes based on Project Maturity 

 

Reserves 

Reserves are those quantities of petroleum anticipated to be commercially recoverable by application 
of development projects to known accumulations from a given date forward under defined conditions. 
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Reserves must satisfy four criteria: they must be discovered, recoverable, commercial, and remaining 
based on the development project(s) applied. Reserves are further subdivided in accordance with the 
level of certainty associated with the estimates and may be sub-classified based on project maturity 
and/or characterized by their development and production status. 

To be included in the Reserves class, a project must be sufficiently defined to establish its commercial 
viability. There must be a reasonable expectation that all required internal and external approvals will 
be forthcoming, and there is evidence of firm intention to proceed with development within a 
reasonable time frame. A reasonable time frame for the initiation of development depends on the 
specific circumstances and varies according to the scope of the project. While 5 years is 
recommended as a benchmark, a longer time frame could be applied where, for example, 
development of economic projects are deferred at the option of the producer for, among other things, 
market-related reasons, or to meet contractual or strategic objectives. In all cases, the justification for 
classification as Reserves should be clearly documented. 

To be included in the Reserves class, there must be a high confidence in the commercial producibility 
of the reservoir as supported by actual production or formation tests. In certain cases, Reserves may 
be assigned on the basis of well logs and/or core analysis that indicate that the subject reservoir is 
hydrocarbon bearing and is analogous to reservoirs in the same area that are producing or have 
demonstrated the ability to produce on formation tests. 

Reserves may be further subdivided as follows: 

 
On Production: 

The development project is currently producing and selling petroleum to market. The key criterion is 
that the project is receiving income from sales, rather than the approved development project 
necessarily being complete.  

This is the point at which the project “chance of commerciality” can be said to be 100%. 

 

Approved for Development: 

All necessary approvals have been obtained, capital funds have been committed, and implementation 
of the development project is under way. At this point, it must be certain that the development project 
is going ahead. The project must not be subject to any contingencies such as outstanding regulatory 
approvals or sales contracts. Forecast capital expenditures should be included in the reporting entity’s 
current or following year’s approved budget.  

The project “decision gate” is the decision to start investing capital in the construction of production 
facilities and/or drilling development wells. 

 

Justified for Development: 

Implementation of the development project is justified on the basis of reasonable forecast commercial 
conditions at the time of reporting, and there are reasonable expectations that all necessary 
approvals/contracts will be obtained. 

In order to move to this level of project maturity, and hence have reserves associated with it, the 
development project must be commercially viable at the time of reporting, based on the reporting 
entity’s assumptions of future prices, costs, etc. (“forecast case”) and the specific circumstances of 
the project. Evidence of a firm intention to proceed with development within a reasonable time frame 
will be sufficient to demonstrate commerciality. There should be a development plan in sufficient detail 
to support the assessment of commerciality and a reasonable expectation that any regulatory 
approvals or sales contracts required prior to project implementation will be forthcoming.  

Other than such approvals/contracts, there should be no known contingencies that could preclude the 
development from proceeding within a reasonable timeframe (see Reserves class). 

The project “decision gate” is the decision by the reporting entity and its partners, if any, that the 
project has reached a level of technical and commercial maturity sufficient to justify proceeding with 
development at that point in time. 
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Contingent Resources: 

Development Pending: A discovered accumulation where project activities are ongoing to justify 
commercial development in the foreseeable future. 

The project is seen to have reasonable potential for eventual commercial development, to the extent 
that further data acquisition (eg drilling, seismic data) and/or evaluations are currently ongoing with a 
view to confirming that the project is commercially viable and providing the basis for selection of an 
appropriate development plan. The critical contingencies have been identified and are reasonably 
expected to be resolved within a reasonable time frame. Note that disappointing appraisal/evaluation 
results could lead to are-classification of the project to “On Hold” or “Nor Viable” status. 

The project “decision gate” is the decision to undertake further data acquisition and/or studies 
designed to move the project to a level of technical and commercial maturity at which a decision can 
be made to proceed with development and production. 

Development Unclarified or On Hold: A discovered accumulation where project activities are on 
hold and/or where justification as a commercial development may be subject to significant delay. 

The project is seen to have potential for eventual commercial development, but further 
appraisal/evaluation activities are on hold pending the removal of significant contingencies external to 
the project, or substantial further appraisal/evaluation activities are required to clarify the potential for 
eventual commercial development. Development may be subject to a significant time delay. Note that 
a change in circumstances, such that there is no longer a reasonable expectation that a critical 
contingency can be removed in the foreseeable future, for example, could lead to a re-classification of 
the project to “Not Viable” status. 

The project “decision gate” is the decision to either proceed with additional evaluation designed to 
clarify the potential for eventual commercial development or to temporarily suspend or delay further 
activities pending 
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APPENDIX D: FRACTURED RESERVOIRS 

 

Global decline in production from conventional sandstone reservoirs has meant that the discovery and 
development of naturally fractured reservoirs has increased in importance to Reserves replacement 
during the past 15 years.  Despite the increasing significance of naturally fractured reservoirs to world 
oil production (Waldren & Corrigan (1985); Aguilera (1995); Nelson (2001))

37
 few of these reservoirs 

have been exploited optimally because of the unique challenges that differentiate naturally fractured 
reservoirs from conventional reservoirs.  However, recent advances in geological understanding, 
reservoir management and subsurface data acquisition have meant that naturally fractured reservoirs 
are now beginning to be developed with increasing efficiency. 

Fractured Basement reservoirs (base Basement reservoirs) are a subset of naturally fractured 
reservoirs and owe their hydrocarbon storage capacity and productivity to the presence of permeable 
fractures that have developed through a variety of geological processes and are so developed that 
they provide a connected network of void space.  The rocks hosting such fractures are typically 
igneous and metamorphic rock such as granite, basalt and gneiss. 

Fractured Basement reservoirs are typically associated with structures which, over geological time, 
have been uplifted and juxtaposed against source rock such that hydrocarbons are able to migrate 
into the Basement fractures.  Such structures and their associated fault systems are of sufficient size 
that they can be mapped using 3D seismic, with sufficient accuracy that well locations can be 
optimized to target sweet spots in the fracture network (Schlumberger 2005)

38
.  The use of 3D seismic 

coupled with highly deviated or horizontal wells allows for Basement reservoirs to be exploited with 
relatively low numbers of development wells which when combined with the typically high early 
production rates can make Basement (and other fractured) plays an attractive target for exploitation 
(Nelson 2001). 

Basement reservoirs are a global phenomenon (Figure D.1) and have been long recognized as 
potentially significant hydrocarbon resources by numerous authors (Eggleston (1948); Hubbert and 
Willis (1955); Landes (1959); Landes et al (1960); P’an (1982) Allen and Sun (2003); Nelson (2001); 
Petford and McCaffrey (2003))

 39
. 

                                                      
37 Waldren, D. and Corrigan, A.F. (1985).  An Engineering and Geological Review of the Problems Encountered in Simulating 
Naturally Fractured Reservoirs. In: Proc. SPE Middle East Oil Tech. Conf. & Exhib., Bahrain, 11th-14th Mar., pp.311-316 (SPE 
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Despite the potential for Basement reservoirs, their discovery has historically been more by chance 
rather than as a result of the product of a Basement-focused exploration programme.  However, in 
recent years drilling programmes targeted at exploiting Basement reservoirs have resulted in major oil 
discoveries.  Such discoveries have made a significant impact on the hydrocarbon reserve of Yemen 
(Batchelor (2010); Gutmanis (2009))

40
 and have led to the development of world class oil fields (over 

a billion barrels recoverable) such as Bach Ho in Vietnam (Tran et al (2006)
41

; Batchelor (2010); 
Cuong et al (2011)). 

 

 

Figure D.1 – Basement reservoirs of the world 
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